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INTRODUCTION, 



In these days all young people want "to make 
somethiDg." In mast of our Public Schools, and 
in very many of our Elementaiy SchojU, tlie im- 
porlance of "tool-work" baa beeu recognized, and 
workshops are now fitted up and put at the service 
of those who delight in "making things." In some 
of our technical departments provision is even 
made for doing metal-work. This little book is not 
intended for those who have such a complete set of 
tools as is provided under these circumstances, or 
who have a personal instructor in handicrafts, but 
for those who have the "desire and will" to do 
something by themselves without any elaborate 
apphances. Perseverance does most in the acquisi- 
tion of this as in otlier branches of knowledge, and 
it is the "practice that makes perfect." 

Nobody will learn to make a box, or fit up a 
cupboard, by merely reading about it, nor will tho 
first attempts bring out such good results as later 
ones. The proper use oE too\s \3 ol 
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advantt^e, for a useful boy in a liouseliold can do 
many things to save the household purse. A lock, 
for instance, gets out of order. A lad handy wilh a 
screwdriver will take it off, look into it, and find it 
haps full of dust ; ho will brush it out, put a littla 
oil into parts needing it, and at the same time the 
more inquisitive will learn how locks aio inade. 
The lock thus cleaned will be put togetlier again 
and screwed into its place, and .ill done so neatly, 
that unless it is examined, persons generally woiijd 
not be able to tell that it had been removed. 
Another lad may undertake the same bit of business, 
and by careless use of the screwdriver it may fly out 
of the grooves in the screws, scratch the parts 
surrounding the lock, chip off pnint, and knock out 
pieces of wood, and be equally careless about the 

tlock ; pieces may slip out, and the whole thing be re- 
placed so slovenly that the lock and its surroundings 
tell their own story. 
Above all things care is necessary in doing even 
the smallest "job" well, A little thing well and 
neatly done always looks creditable, and it brings 
satisfaction to the one who has done it, and is 
always looked upon with some degree of pride by 
the parents of whoever has done it. Neatness and 

I industry generally go together, wliile untidiness and 
slovenliness in work look like laziness, and proclaim 
a sort of "don't care" principle. 
It will not be tlie fortune of all our readers to 
have special places where they can reserve a place 
for a workshop, or keep a room entirely to them- 
selves for this sort of thing. Those who have, will, 
"•e bqpe^ value it as a luxury; those whg have not , 
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can do a good deal of useful work witliout it. They 
may have to work in a back-kitchen or in a scullery; 
well, never mind — let them make the best of if. In 
the summer time many of them can work outside, 
and thus get more room. 

As to tools, get some one who imderstaiida them 
to buy them for you, and second-hand tools can 
sometimes be had veiy cheaply. Do not, however, 
think those tools are the cheapest that cost the 
least money; they must combine good quality and 
fair price, or they may be very dear indeed. 

For heavy work — by this we mean anything that 
comeii outside model-making with thin wood, card- 
board, and other light materials — you require a 
bench on which your work can be done. If you 
cannot get a small carpenter's bench, you can very 
likely fit up something for yourself that will answer 
the same purpose. A aiiiall deal table that is firm 
on its legs will answer the purpose ; it must also be 
placed firmly against the wall. In addition to this 
a good strong stool is an advantage; it will do for 
holding wood on while it is being sawn. 

In selecting your wood for making things it is of 
great advantage to have it dry and well seasoned. 
Boxes and packing-cases can often be boughtcheaply, 
and form a good stock of wood for an amateur. 
E^-boxea offer good lengths of wood for this 
purpose. The nails must be carefully drawn with 
pincers, and the lengths of wood stored up in some 
ratlier dry place. This wood is rough, and will 
afford material for planing, if yon happen to possess 
such a tool as a plane. Successful planing can only 
be accomplished after some practice. 
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HOW TO MAKE A HAT-RAIL, ETC. 

To begin with a very simple but a useful article — 
a hat-rail. Take a length of wood about f inch thick, 
and saw off about 4 feet of it. To do this, mark 
off the distance by taking a rule — a two-foot rule you 




Fig. 1.— Hand-saw. 

will most likely have by you ; measure it off from 
one end, and run a pencil-line along the line through 
which you wish to saw it. For this purpose you 
use what is called a hand-saw, as shown in Fig. 1. 
Place the wood on the stool, hold it firml}'' down 
with the left knee; then take the saw, drawing it 
along the pencil line in which you intend to cut it, 
using but little pressure. Do this two or three 
times, so as to make a shallow groove, to act as a 
sort of guide to your saw in cutting. Hold the saw 




Fig. 2. — Pariug-cliisel. 

firmly in the hand, and do not let it " buckle " ; if it 
does this the blade will be spoilt. To avoid buckling 
keep the thrust forward very steady, pushing the saw 
downward by gentle pressure; in drawing it back 
for the next cut use no pressure. Having cut off a 
length, the next thing is to get it a proper width. 
For this purpose, if it is m\xc\i \iOO m^i^, >jqw had 



I to take off, it < 



iariug chisel, such 
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letter rip it dowu witli a saw. It" you only have a 

be done witli a. 

in Fig. 2. Such 

sels as these are made from 6 to 10 inches long, 

, from ^ of an inch to 2 inches wide. As you 

ill not be able to get an assortment at the first, 

I about i of an inch wide will perhaps be the 

inost sei-viceable. To work with the chisel, keep 

the flat face upward, steady the wood to be cut 

with the left hand, pushing the end firmly against 

a ledge which must be 

nailed to the surface of 

I jour bench. If you are 

I table for that 

i, a piece of wood 

5 an inch in 

1 thickness nailed fiat 

down to the edge of 

yoar table will answer 

this purpose. 

Grasp the handle of 
the cliisel with ycur 
right hiind; with your left steady it acd p'jsh it 
forward, keeping, aa we mentioned, the flat aide of 
tl.e cbisel upward?. Having now got your piece of 
wood cut to the proper length an.l breadth, the next 
thing is to see that the edgei are square with t'-ie 
sides ; that is, that they are at right angles to each 
other. This is done by taking a carpenter's square, 
as shown in Fig. 3. It consists of a thin blade of 
wood or metal fixel at right angles into a piece of 
wood from half to three-qn artery of an inch thick. 
Bj- the square all your work must be tea^ei. ^V^i-i 
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the thicker part of the square is lielJ close to the 
edge, and run along the name, the small blade |>oiD(8 
out all ntoQf it a direction at right angles to that 

Id all jour work the square is a gui 1e that you 
must never neglect. Before going on any farther, 
test the ^nds ; see that they are " square." A smaller 
square is also used for testing the edges of work 
smoothed by the trying-plane. Now the next 
process is to smooth the front and edges of the rail 
For this pji^pose you must have a plane. All boys 
like planing — they like to see the thin shaiings 
turned off, curling up and collecting at their feet — 
but it is not so easy to get a smooth surface as you 
may imagine. It requires some patience and work 
to bring up a nice smooth surface. We have there- 
fore introduced joii to an easy piece of work to 
commence with. If you are using wood that has 
been made up before, as in the boxes we mentioned, 
sec that there are no naib, pebbles, or lumps of grit 
in your wood, fur anytliing of this kind will spoil the 
blade of your plane at once. If you buy new wood, 
you can sometimes have it already planed, but thea 
you deprive yourself of the opportunity of acquiring 
skill, which is very important if you want to get a 
practical knowledge of carpentry work. 

Now for a word or two about planes. If yon go; 
into a carpenter's shop, yoa .'ee planes of different. 
sizes and shapes, so that you may wonder which of 
them would best suit you. Fur your long rail you 
will find a jack-plane, as shown in Fig. 4, the best 
for producing level surfaces of all kinds. In this the 
"stock," which is the name given to ^Xia-flowiblQcfc 
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into which the plane-iron is fixed, is about 16 

inches long. In the cross slit through the "side" of 
the stock, the plane-iron is helJ. This iron you 
Avill see consists of two parts ; look well at them that 
you may know how to fix them together again if 
you require to separate them at any time for 
sharpening. You will see that they are held firmly 
in their place by a wedge of wood driven lu at the 
top. Now, before using, turn up the plane, bring it 
on a level with the eye, and note how far the blaile 
protrudes through the stock ; for if it goes too far 
through, the shaving will be thick and the wood 




torn; if too little, no work will be done. To throw 
the blade backward give the forepart of the stock a 
smart blow with the hammer ; if too little, a similar 
blow at the top of the iron will bring the blade back. 
After either operation, tighten the wedge so that the 
blade is held firmly. A little experience will soon 
enable you to get over this difficulty. The smoothing 
plane ia not inoro than 8 inches long, and has no 
handle, as may he seen on reference to Fig. 5, This is 
more adapted for planing large suifaces than 
length of wood such as we now have under con- 
j^eratioiL The tool called the " trying-ph 
Iger even than the jack-plane, and should Qiai.^ \» 
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uBed in the directioti of its length, and not ubli<]uelji5 
It is used for smoothing large surfLices and gettin 
ight edges; it is, however, too heavy foi- yoH 
to nianage. 

Now, to stait upon the work of smoothing th| 
surfiice and edges of the rail you have cut, plac 
end Grmly against the; ledge iu the bench; then tak( 
the plane, and stand close to the bench with you] 
left foot forward; take the i.andle of the plane in 
your right lianJ, holding firmly the front of the tooi 
vith your left. Then put the plane fl;it on the wood;, 
then slide it backwards till the blade comes to the 




Fio. 5. — Smou tiling-plan 



Fig. G.— Mnrking GaDgfl. 



edge of the wood. Hold the front of the tool tiglitlj 
down, then push it forward st;adily; then you will 
find the iron " bite," and a shaving will come curIiD{ 
upwards through the slit in tlic plane. A few stead] 
strokes such as this will no doubt give a fairl} 
smooth surface. Then the wood must he turned 
that the edges can be served in the same manner, 
that all traces of the saw-cuts are removed. Havii 
planed up your rail, test it again with the sqaaT 
and look along the edges to see if they are straigb 
and Laving satisfied yourself that you have done 
good piece of work, you may like to stain it i 
jmiWition of a harder wood. To do this for a da* 
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Srood, mijt a little raw timber and liuseed-oil; slic 
ihem up well together till you get it to tlie cm- 
eistency of thin paint; then put it on with a pftinter'a 
brush, or rub it in witb s. piece of coarse flannel, 
putting as littlo of the colouring in as possible. You 
can rub it till it is nearly dry; the wood by that 
means will take the stain well. For a liyliter wood 
like mahogany you can add some red oclire to the 
umber. These substances are all obtained at the 
oil-man's for a few pence, and are useful in giving a 
better appearance to many articles of home-make. 

When the rail is quite dry you will want tlie pegs 

to mount on the rail. The double black peg is Ihe 

cheapest, and we will assume that you choose half a 

j.4ozen of these. They must bo screwed on so that 

ley are upright, and at even distances from each 

Jother. Here is a matter of measurement. Measure 

Vififst of all 6 inches from each end; put your square so 

1 that the thick part slides on the edge of the rail, and 

ihe blade through the points at the distances so found. 

l!Mark with a pencil, lines running through these 

■'points, then divide the distance between these into 

five equal portions; draw cross lines at these points. 

The pegs must also be fixed at the same height from 

the lower edge of the rail ; the measurement must 

[.therefore be made from the edge, and the mark for 

ich must be made across the lines crossing the rail, 

Jhere is a tool called a marking-gatige, that is useful 

uor all Buch purposes as these. This is shown in 

jFig. 6, The block has an arm consisting of a thin 

■piece of wood which can slide backwards and for- 

Bwards through it, r,nd at one end a pin which acts a 

scratcher, and in the block is a tla\imfe-«*rt«^ \s^J 
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wbicli tliis arm can be Iield at any poiat Having)] 
determined this point and fixed the scratcher, pass 
the block of I he gauge along the edge of tlie rail, 
and scratcii the same distance across any of the 
pencil-linea previously drawn. The use of this gauge 
will increase in favour the more it is used, for it 
saves a great deal of separate measuring for short 
distances. 

Having detei'mined on the exact position for each 
of the pegs, the next thing is to prepare to fix them. 
See that all your screws fit, and that when they are 
in their places they run "flush" wifh the screw- 
plate at the back of the peg. Place the rail flat on 
the bench; hold the peg in its proper place; take 
a brad-awl of the right size for the screw — rather 
smaller than bigger— or the screw will fit loosely; 
then carefully bore the hole, which shall be in the 
line marked on the board. The second must be 
in the same line imniediatcly under it. Then screw 
both in tiglitly. Do the same with the second, and 
so on till they arc all fixed. They should be upright 
aud firm on the rail, at an equal distance from each 
other, and the whole will be a useful article in bed- 
room, hall, or passage, where clothes or hats are to 
be hung up. If finished in the careful and exact 
manner wo have pointed out step by step, our young 
workman will have something to point to as good 
work, and will have acquired skill and method in hia 
work that will help him on in making more diflScult 
things, where several other tools must be employed. 




I 



"We have an idea that when you are able to make 
a box, it will help you to make several other things 
that are made much in the same way ; such as cup- 
boards, cabinets, and articles that can be fitted up 
with shelves, partitions, and such like. 

The first thing, you must make up your miad as to 
what you want the box for, because if it be to keep 
your tools or any such heavy things in, it must be of 
a Tnuch stouter make than one required to keep 
light articles in. 

We will suppose you want to make a serviceable 
tool-bos for yourself. In this case you do not want 
one large enough to keep your saws and tools of 
such length, unless you go in for a complete tool- 
chcBt, which is outside our instructions altogether. 

Suppose you arrange that your box shall have 
outside dimensions of 18 inches by 14 inches and 
12 inches deep, including a hollow lid of 2 inches, 
and a tray to fit inside the box, to be made into 
divisions in which you can keep a stock of nails, 
screws, and otlier items for your worV.. T\i\a ■owmS. 
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a strong box, and well made. To put tlie sides 

and ends together well, and to give it the greatest 
strength, carpenters generally dove-tail their edges ; 
i.e. the edges are cut so that projections of wedge- 
like form fit into hollows reversed in shape. This 
method we will fully describe in a later chapter; in 
our present stage of work it is a little too difficnlt. 

Unless you have some good wood by you, we 
should advise you to get some new f inch stuff for 
it. We have now such a tool-box that was made 
some twenty-five years ago, and it seems to be as 
strong and not at all aged by the number of years 
it has been in constant use. 

First cut off the lengths for sides and ends, which 
must be 9 inches wide. Smooth them with the 
plane, then put the two sides together; test them 
with a square, and see that they are in every way 
the same size. In planing up the ends be careful 
how you do it, for if you are too rough with this 
operation the wood may split, for you will be planing 
across the grain; for this work the plane must be 
very sharp. The next thing to be taken in hand 
is the bottom of the box. Aa your wood is only 
9 inches wide, this is evidently not wide enough ; you 
must therefore cut off two pieces the length of your 
bos, and one piece must be cut down so that when 
one piece ia joined to the other, you get a board 14 
inches wide, after planing and trimming. The second 
piece must therefore be rather more than 5 inches 
wide. The pieces for ends and sides should be 10 
inches wide when trimmed. To join these pieces 
securely, their edges must be planed so that they 
'Vrfecily di. whicli can he seen when they are made 
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slide one over the other, and leave no apace wliat- 
■ between thena. Having done this, you must 
! some glue ready for joining them. If you 
tbave no glue-pot, you must get half a pound of glue; 
[ break it up and put it into a jar ; put a little cold 
water in it; then stand it in an outer vossel nearly 
full of water ; and the water in the outer vessel must 
be made to boil and kept boiling for some time till 
all the glue is melted, and it comes to a nice even 
consistency somewhere about that of thin treacle. 

»Then take a small, flat, stift'-haired brush, which 
you can buy for a penny, and put some giue along 
the edge of oue of the pieces to he glued. Be careful 
and spread the g!ue evenly, and do not smear it 
beyond the part that needs it. Now sliJe the edge 
of the other piece along it, and take care that it is 
flush with it; put it away to diy, and see that 
nothing shifts it during the time — it requires to get 
perfectly dry. When dry you will find the whole 
slab of wood as strong as if it had originally been 
in one piece. Now square it up and it will he ready 
for the sides, aod its size should now be 18 inches by 

»li inches. Get some good li inch nails; tack the 
aides lightly together; see that they nro square by 
putting the " squnre " into ench corner; see also that 
the aides stand perpendicularly to the bottom, to 
■which they are to be tacked lightly. Having satisfied 
yourself on this point, take a brad-awl of suitable size ; 
keep it upright when boring the lioles, so that there 
in no fear of the nail coming through the wood. 
Next nail the whole together, and you will have the 
^nhell of a box. The next thing is the lid. The 
3 for the ends and aides muat, ta Q"i \)ft% %^ta& 
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thickness as that of the box itSL'lf. The top may be 
J iucli stuff. Proceed in the same way as with bos 
itself, first joioing the pieces together for the top, 
then putting tliem together with sides and ends. 
To be economical with time, the pieces for the top and 
bottom can be glued at the same time, and tbey can 
be glued ao that the joint cornea across instead of 
lengthwise of the box, if it suits your purpose and 
material better. When the lid is made it should 
exactly fit the box; this must be tested before 
going further. 





'loD of tray, ndth 



Having succeeded thus far, the next tljing will be 
to get a pair of strong, 1| inch brass or iron hinges, 
and at the same time get a suitable lock and key. 
For the hiuges, portions of wood must be removed, 
ao that the plate which is fixed to the box is flush 
with the edge. Fix on the place in which it is to be 
sunk; then mark it round with a brad-awl; then cut 
it carefully out with a sharp chisel. Do not cut 
down deeper than the thickness of the plate, and so 
fix the hinge that lid and box are Hush with each 
other when the lid is closed. This will require a 
little neat fixing, but it is not difficult; it only 
\jairea care. iSimilar portions must be removed 
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Jrfronn tlie edge of tlie liil as frotii the box. Before 
li^nally fixing on the lid it will be better to make the 
litray. Cut uiilI smootb up four pieces 4 iocLcs long, 
I which shall ha the same heiglit, and fit into each 
t corner of the box, that these may be a support for 
I the tray. Having ascertained tliat they fit well, 
l.glue them into their places. Do not leave them as 
I square blocka, but triangular pieces, as in Fig. 7, 
l.and fit a piece of ^ inch board so that it can be 
I made into the bottom of the tray. Tlicn cut and 
lane up piecua for the sides and end of the tray. 
Hake it deop enough to come flush with the edge 
fof the box. Nail it together carefully with 1 inch 
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L brads. Then make any divisions in the tray to suit 

Jf-your taste or convenience ; of course they need not 

Liall be the same size, and g inch stuff will be thick 

l-ienough for the insida partitions of this Iray. We 

our tray conveniently divided, as shown in 

E-Fig. 8. Now cut two notches inside each end of the 

fctray in which the fingers can be placed; these will 

^he convenient for lifting it out. These notches mil 

require another tool called a gouge, to do them neatly. 

■The gouge is a curved chisel, as shown in Fig. 9; 

\Q\ii is made of various sizes like the ordinary chisel. 

iSee now that your tray can be easily taken out and 

,nto the box. 

Now remove the tray and have a trj a.\. \Ki\*Cvn'4 
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oil Uio lock. Mark out its place near tite centre of 
the front portion of the box ; cut carefully away with 
gotige and chisel only such portions as are needed 
to imbed the lock into the wood. Hold it in its 
place, and put a hole through the front by means of 
a briid-awl, to find the spot where the b.iri-el of tbe 
k(jy must go in ; then enlarge this by means of a 
gimlet, such aa is shown in Fig. 10. Then a trifle 
lower down bore a second hole wliich will admit the 
wards of tho key ; then connect the two by cutting 
tlio wood away with a chisel; or if you hiivo not one 
Kmall enough, try to do so with a penknife. This will 
form rather a rough keyhole, but with a small rat- 
tnilcd file it can be smootlied up; then put into it 
tlio eye which you will have bought with tbe lock. 
Now srrew the lock into its place. See that it does 
not Iiinder the tray from being easily moved out or 
in. If tlio lock proJGcta a little inwards, a portion 
of tho front of the tray can be easily removed by the 
chisel. Now put your tray in, and screw into its 
place the "shoot" of the lock, the plate of wliich will 
have to be let iiilo tho under edge of the lid. Now 
shut the bi>x, try the lock, aae that the lid fits cJoso 
all round, take a punch and hammer and knock the 
heads of the nails a little distance below the surface 
of tlie wood, then fill the small holes up with putty, 
level with the surface. Let them dry, and they will 
become as haid as the wood itself. 

You can yourself make the putty you require by 
mixing whiting nnd linsped-oil, mixing it up by 
means of a thin knife, so that no lump ia allowed 
in the mass. After the putty is dry, smooth all 
Iffa and rub the box over w\t\i sa-iii ot ^^aaa-w 
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aid make up your niind as to wtictlie 

been done creditably or not. 
We think now it will bo an improvement if you 

stain it with the umber niittiire we mentioned m our 
1st chapter. Do not put it on thick but let it get 

well rubbed into the wood and when thoroughly 

dry, put on a pair of black tiong iron handles Let 

$hem be exactly opposite to each other anl do not 

leave any portion of the sciew hoait. abjve tha ■ 

Jiandle-platcs, or your 

'hands are likely to he 

■cut when grasping 

tbem. If your box is 

BOW properly finished, 

you have a creditable 

piece of work, as shown 
Fig. 11, and a good 

teeeptacle for most of 

your tools. Let box 

and tools be kept in a 

dry place, and keep 

everything ready for 
I use. Your tools, such as chisels and plane-irons and 
f other tools, will frequently require sharpening, for it 
KaJways answers the purpose to keep them with a 
nood edge. 

m For plane-irons aJid chisels the £rst process must 
Kf6 done on a grindstone. You all know this 
Bniachine. It consists of a large circular slab of 
■tough stone, turning on an axle worked by a handle, 
Kpr more frequently now by a treadle, to which tlie 
Bixle is attached by an iron rod. You will probably 
Ret access to some earpenter'a a\iop -sVeta wicla. «. 




FiQ. IL— Th.B boi 






HOW TO mart: common things. 

stone is in uae, because you are not likely to have 
one of your own. In the first instaoce you had 
better have your tools sharpened up lor you while 
you look on and see thein done. You will then find 
that tools are never sharpened on a dry stone— thia 
is bad for tool and stone, A trough of water is 
attached to the frame holding the atone, and it dips 
about an inch of its edge in the water as it is turned. 




FiQ. 12,— Sliarpcuing a Fltmti- 



Notice how the edge of the tool is held on the stone 
— the stone runs towards you, and towards the edge 
of the tool, and the tool is not kept to the middle of 
the stone, but it is gently moved about, so the whole 
face of the stone is in uae. 

Again notice how you have to hold the plane-irou 
or chisel (Fig. ] 2), so that the bevel of the edge ia 
not too thick or too thin, and that it is ground till a 
raw edge is obfaincd. T\ien ?oi t\\& ftue edge you 



Btnust use the oilstoDG. There are several kinds of 
f oilstone employed for setting edged tools; tlie best 
and the greatest favourite with onr carpenters is the 
Charnley forest stoue, wLicii is found in Leicester- 
shire. The Canada oilstone is also a good stone, 
Land costs somewhat less than the Chamley stone. 
■ The stone is generally set in a block of hard wood 
r (Fig, 13), and fitted with a cover to keep grit off, 
and to prevent any substances sticking in with 
the oil and drying in it. Smalt conical tios of 
oil are generally kept for use with these oilstones. 
A little petroleum is used 
with the oil. 

Ton may not at first find 
it quite so easy as you think 
to put a nice fine smooth 
edge on a plane-iron or 
chisel; it is quite a matttr 
of practice. Hold the iron "" ' ' '^^^^'^"' 
and the hand grasping it 

at snch an angle that the cutting edge is kept 3at 
to the stone, and do not bear too hard on it. You 
can test the edge from time to time, before con- 
[ Bidering it finished. 



TO MAKE A PAIR OF STILTS, 

Boys are often fond of stilt-walking as well as 

■■■carpentering. It may not therefore be out of place 

LXo give a ready means of making a pair of stilts. 

Inglish boys go in for this aa a matter of amusement, 

tnd not as a matter of necessity. In ao\ae tciMii'Wi.ea, 
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liuwGver, it becomes a matter of necessity that chil- 
dren should be taught to walk on stilts. The groaiul 
is Bandy, and streams have to be forded, and to 
manage stilts skilfully is a necessary qualification to 
get about from place to place. Wc should think it 
rather curious to have to 
mount the roof of our house, 
or even the roof of a stable 
to get on to stilts, but the 
inhabitants of the " Landes 
of Oascony" do this fre- 
quently in the morning, and 
do not quit the stilts till 
night. 

The most daring piece of 
stilt-walking is probably 
that of the Yankee who 
some years ago crossed the 
Rapids of Niagara by this 
method of walking. 

A pair of stilts for learn- 
ing on ia easily made. 
Select a pair of uprigbtB 
of whatever length you re- 
quire, strong enough to bear 
your weight, and as light aa 
ia consistent with strengtb. 
Plane them up with the 
trying-plane, then you must fix on the places for 
the fiiot-piecea, For a beginner these must not 
be more than 12 or 14 inches above ground, and 
the upright must be long enough for you to have 
a good iandhold. When you get more oxjiert the 
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it-pieces can be pliiced liiglier up, and at last 
perhaps so liigli up that you can venture to leave 
your hands free, and only need the end to be strapped 
firmly to the leg, as f^r as the thigh in the first 
instance; after "the practice that makes perfect" 
only perhaps as far as the knee. 

The foot-piecps must he made of stout tuugh woud, 
cat somewhat in the Bh:;pG of those in Fig. 14. 
Smooth them up by planing, then get some strong 
screws, and put them on, in the manner shown in Fig. 
14, a. In- boring the holes be careful not to split the 
'ood, or it will be so weakened as perhaps to be 
Some prefer a loose piece of leather strap 
nailed across the foot-piece something like the top of 
a stirrup, but this we leave to you to do as you like 
about. 

Many useful and ornamental articles can be made 
by carrying out the simple rules we have given in 
this ciiiqjter, such as sets of shelves for books or 
natural history specimens, frames for drawei-s, and 
even drawers themselves. The articles herein men- 
tioned are however better made when yoii can make 
dove-tail and other joints which we intend to describe 
in a later chapter. 

We urge again that although this work is done as 
recreation, it is no reason why it should not be well 
done. Your hand and eye will both ho the better 
trained by careful than by careless work. Work 
nicely finished off, no matter how simple its cha- 
racter, is alwajs creditable, and is worth looking at, 
while careless work never can be looked upon with 
pleasure. 
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CETAFTEE. m. 

HrjW TO ICAKZ i S2T or SHIXTIS FDR BOOKS 

OR OTHER o&nrrs. 

FlBST, we zhmk h better to- giTe instraction for 
a ''leliiiice object ; we will therefore take a very 
ftimple sen oi fcijok-iKelves, tLree feet wide, and with 
three ahel^es- 

The: first thins is to ^et vour wood. This tou cau 
prepfire for voorseD; cr yoa can bay it already pre- 
fsaer], by paying a trifle extra per foot. If you have 
not a goo*! aet of planes, or if you have not acquired 
jfnfficient skill to plane a nice even surface lai^e 
enough for shelves, it is better to buy the wood 
alrearly prepared. Do not, however, let the ease 
with which wood can be got, put you off from 
ac^juiring the skill of preparing it yourself. 

For the shelves in question, you want four lengths 
of J inch thick, 6 incbes wide. This cut ofiF and 
planed will cost you Is. For the uprights you want 
two pierrcs, each, two feet long ; these will cost you 4rf. 
M;iko Kurc that the edges of the shelves are quite 
wiuarc. Test them as we have before directed. 
JW/fT ffx on the distance tlvat you wish between the 
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shelves. The ends will allow 8 inches between the 
bottom one and the second shelf, and Tj inches and 
6 inches respectively between the second and the 
'thii'd, and the fourth length will make the top. If 
however you wish to cut a curve at the top and 
bottom of the ends, as in Fig. 15, a, you must 
arrange the distances between the shelves accord- 
or leave one shelf out. This, however, is a 
matter of detail best left to yourself, the method of 



Fro. 15.— Self of Shelras. 



ratting the shelves together being the subject of our 
P'directions, 

The putting together of the shelves is one that 
must be determined by the skill you have already 
acquired in carpentry. Having fised on the places 
for the shelves by marking the inside ends with a 
pencil, if you can hollow out channels into which the 
ends of the shelves will slide, so much the better ; if 
not, they can either be nailed by long French nails 
being driven through the end pieces, or little slips of 
wood may be nailed on the inside, to which the 
ihelves may be fastened. 

Let us give directions first for those ■wVo Aeiwe \.ci 



■H HOW TO ytAKE COUUOV TQtNr.^. 

have the shelves fitted into the eods. Shape the 
ends as La Fig. 15, tbeu pencil the position for eacli 
shelf as sliown at Fi^. 15, a, leaviog about a quarter 
of an inch from the fiont edge. Be careful of your 
marking, for the exact thickness of the shelf must bo 
allowed for. Now with a hand-saw or tenon-saw. 
Fig. 18, cut along the ilotted lines to about a quarter 
of an inch iu depth. With a gouge nest cut the 
front curve for the front edge of the shelf. Now 
with a chisel remove the wood between the cuts. 
Do this carefully, so that atl the wood is fairly cut 
and not torn away. Repeat this operation till you 
have a groove for each shelf, then serve tLe oppo»tfi 
side in the same way. You will have to fasten the 
wood firmly down to your bench while sawing these 
grooves, for if the wood shifts the edges of the 
grooves will not be cut straight. Having completed 
the grooves in both sides rub tliem smooth with 
sandpaper, then slip the shelves into their places. 
See that they fit welL Next prepare some glne to 
fasten the shelves permanently in their places. Tboa 
put some of the liquid glue on to the edge of each 
shelf, and push it permanently into the groove 
prepared for it. When all the shelves are so fixed, 
put the whole set back downwards on to the bench, 
fixing it SJ all the shelves are square with the ends. 
In this position allow it to remain till the glue is 
hard and dry. The set of shelves may then be re- 
moved without any fear of getting them wrung out 
of their proper position. 

The shelves must now be stained. This can bo 
done either by miKing umber ami linseed oil as \Te ' 
reconimeaded in the last chapter for the box, of 
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you can buy stain of any tint you wish, already 
prepared. Tlie stain as bought will always admit of 
>eing made thinner by the addition of linseed oil, 
tat the stain on with an ordinary painter's brusli or 
When the stain is quite dry it must be 
varnished, but before this can he done it must have 
a coat of size. This size you can buy at an oilman's, 
A pennyworth is enough. Mix it with some water, and 

||et it dissolve by the fire ; then put it on in the same 
Bray as jou have already done with the stain. When 
Ijnite dry put on a coat of clear varnish; this you 
can also get at the oilman's. When this is thoroughly 
dry, your shelves should look exceedingly well, dnd 
fit for any room in the house. The staining and var- 
nishing, if properly done, makes them look to be 
made of a superior kind of wood to ordinary deal, of 
^—iffhicb tliey are really made. 

^K To fix them to the wall get four brass " lugs," and 
^Ptrew them at the back of the shelves, by which 
^TDeans they can be nailed to the wall Ton may 
prefer to support the shelves on brackets ; a pair of 
handsome ones may be had for 3d. To give a still 
more finished appearance to the shelves, buy four 
lengths of leather, prepared for the edges of the 
shelves, and nail strips along each shelf, by the 
ordinary brass or ornamental brass nails. Then the 
front shows somewhat after the manner of these in 
Fig. 15, h. The total cost of material for completing 
the set of shelves according to our directions is only 
Ss. 6rf., and they will he as useful and ornamental as 
many sets that would cost a guinea if bought reatly 



1^ 



If you have not acquired sufficient skVW ?cit c\j.'t'C\i\w 
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the grooves for the shelves, you can get over the 
difficulty by cutting J inch slips of wood long enough 
to come across the ends of the shelves, on which 
they can rest. Cut the slips very neatly, quite 
square, and put them on with glue and fine nails or 
screws, so that when the shelves rest upon them they 
are capable of supporting all the weight the shelf 
is intended to bear. Having placed the strips on 
each side quite opposite to each other, put the 
shelves in their places according to the directions 
already given. Finish the shelves off by mounting 
and varnishing, as in the instructions given for Fig. 
]5. Having succeeded, you will be delighted with 
them, and so will your friends. 

You are now in a position to make a cupboard and 
book-shelves combined. The wood for this purpose 
must be somewhat heavier or stouter, because it is 
to be larger. Supposing you wish to buy your wood 
planed, it will cost a little more, i,e, a penny perfect 
more. 

Now suppose we want a set of shelves, which shall 
do for three rows of books and a cupboard below, 
18 inches deep. 

We must have two upright side-pieces, 1 inch 
thick, 4 feet 6 inches long, and 9 inches wide. 
These must be planed on both sides. See that 
they are perfectly square at the ends, or they will 
not stand upright. Next you must have two pieces 
for the top and bottom. They must be planed 
on both sides, and of the same thickness as the 
sides, and let them be 3 feet 3 inches long. Now 
put them together, so that when screwed up they 
look like a wide frame. We recommend screws 
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here, because the pieces must be not only tight 
but very firm. 

Now make the division for the shelves. These 
may be somewhat lighter than the outside pieces. 
Put the bottom one 18 inches from the lower end 
of the case. The method of fixing these shelves 
must bo determined by the instructions we gave for 
the last, the making of which is fully given at the 
beginning of this chapter ; the lower shelf however 
should be screwed if not grooved into the aides. Place 
the second shelf 10 inches above the lower, and 
divide the remaining distance to the top into two 
equal parts, and fix the third shelf. We recommend 
_tbis to be backed with wood lining | inch thick ; it 
B,res completeness to it, and adds to its " substantial- 
i" — we will call it. 

Before doing any more, see that the whole is firm 
and square ; next nail on the boarding for the back, 
the inner side of which must have been planed. 
Now nail on a moulded architrave, which you can buy 
at Id. per foot, around the top edge, front, and sides, 
and do the same for the lower. 

kNow for the cupboard you require a pair of doors. 
liese perhaps you had better buy if you require 
anelled doors, or if you are content with ledge 
oors, you can make them yourself. If you buy 
them, give the size accurately, dividing the lower 
cupboard portion into two equal parts, the doors 
to close in the middle. These will cost you Is. Gd, 
You can add to tlie appearance of the doors by 
putting a narrow moulding — which you can buy very 
dieaply — all round the inner edge of the panels. You 
let be careful and cut the corners veij accMia-Wt^ 
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— mitreing this is called — so that they fit exactly. 
Before putting on these doors, you must nail along 
the bottom of the cupboai-d, and the under edge of 
the lower shelf, a rail close to which the doors will 
shut when they are fixed. See that they fit nicely 
and flush with the edges of top and bottom. Hav- 
ing well tried the doors, and made sure that they will 
fit well, and swing open properly, fix the binges to 
the doors, then the doors to the case. Iron hinges 
will cost you 2d. per pair, brass hinges somewhat ' 
more, according to the quality you get. Be sure in 
any case tbey are strong, and well able to carry the 
doors you bavo to bang. 

On the inner side of the left hand door fix two 
bolts ; one that will slip into the upper ledge and one 
into the lower. Fix them so that when the door 
is bolted it is quite flush with the front : into the 
other door fix a lock — get a good lock — it pays best. 
After cutting the hollow into which the lock is to 
be fixed, the depth of the hollow must be so regulated 
that when the lock is fastened the bolt fiies flush 
with the inner side of the bolted door, and when 
in that condition we call "locked" does not rattle 
or shake about. A hole must be bored for the pin 
of the lock to come through the door, and this will 
enable you to tell where to make the key-hole, which 
you must make very neatly. You can do this with a 
chisel if you have no " key-bole " saw, and finish it 
off with a file as before recommended. Into the 
key-hole put a brass eyelet, and before fixing the 
lock, put ifc into its place, and see that it fits properly 
and locks and unlocks easily. Now fix it finally 
with suitable screws. On the outside of the key- 
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hole, fix a brass " scutcheon " — it adds to the appear- 
ance. Now nai! an edge of moulding on the right- 
hand door so that it overlaps the left door; this gives 
a more finished appearance to the whole. Now we 
thiuk all the wood work is done, putty up all holes 
above nail-heads, rub it down with glass-paper, get 
the surface nice and smooth, and look the whole 
carefully through to see if any points can he im- 
proved ; do not leave it without positively satisfying 
yourself on this point. Next call your parents or 
some friend to go over all the work with a critical 
eye, and any improvements suggested either in con- 
struction or neatness do not fail to carry out. 

The whole work will now be ready for staining. 
A dark stain is best. Buy the quantity required; 
dilute it to a reasonable thickness, put it on accord- 
ing to instructions already given — staining it inside 
as well as outside ; let it dry thoroughly. See that 
there are no places in which the stain lies thicker 
than in others; satisfied on this point and that it is 
thoroughly dry, treat the outside with two coats of 
size, prepared as we have already mentioned. When 
dry, give it a coat of clear varnish ; if when this dries 
it seems that a second coat yould improve it, give it 
a second. Let it dry in a room where no dust is 
flying about, and if you have carried out our in- 
structions fully, you are now the possessor of a really 
substantial book-case, of a most respectable appear- 
ance, suitable as a piece of furniture for sitting-room 
or study, and its whole cost for material and fittings 
leas than ten shillings. We give a sketch in Fig 16, 
of the case we made on exactly the same conditions 
as we have described at Ii 
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Having succeeded so well with the book-case, we 
thought au addition ia the farm of a glass case would 
be not only most useful for holding bric-a-brac or 
Bpecimens of minerals, shells, or other objects of 
natural history ; but it would be ornamental besides. 
We made one of the following dimensions and de- 
Bcriptioo. This shows how one successful result 
evolves the efforts for another. 

We determined that the glass case should merely 




stand on the top of the book-shelves, and be quite 
independent of the former as regards construction. 

The shelves being 3 feet 6 inches wide, we made 
the case 3 inches less in width, and 1 inch less in 
depth, the whole being made of lighter wood — i. e. 
the wood not so thick, but of J inch stuff. For this 
purpose we had two lengths ^f wood, 3 feet 3 inches 
long for top and bottom, and two ends, 2 feet 6 
inches long, the whole being 9 inches deep. The 
frame must be put together with screws; if not 
dove-tailed, this is the next best method of doing it; 
ihen it must be backed with ^ inch lining aa r»- 
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lomroended for the book-slielves. This makes the 
(vliole very firm and rigid. The shelving must be 
to aiiit the purpose for which you require the case, 
but each shelf can be maJe of g inch material. 

Then come the glass doors, the frames of which 
you had better buy, as probably your skill has not 
yet reached the stage that will enable you to make 
them for yourself. Those of the pattern given in 
sketch, Fig. 17, cost 3s. They are open, light, and 
pretty, and you can secure something of a similar 
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tind or pattern for the same price. In hanging 
these doors we should recommend brass hinges ; be 
exceedingly careful to haug them properly, so that 
they swing true, and close securely. Then comes the 
fitting of a lock as described in the former case. It 
must be done equally neat, and if possible a little 
more so. 

Having fitted the shelves, and left no ugly nail- 
holes, smooth up the wood with glass-paper, then 
perform the staining and varnishing by the method 
already given. Now there ia the glazing. For this 
pai-poae yoa want two panes o£ gVaaa caieMiV^ caX 
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to the size of the grooves inside your panels. Take 
the measures of the paoes to a glazier, and get him 
to cut you two panes of the exact size required. 
If good clear glass, these will coat you about la. 3d. 
Buy a pennyworth of putty — or if you prefer making 
it yourself, as we mentioned in Chap. I., by grind- 
ing up whiting with linseed-oil ; — the whiting must 
be fine and very dry. Knead the whiting and the 
oil together into a stiff paste, then lay it aside for 
some hours. Before using it work up the putty 
again till it becomes quite soft and smooth to the 
touch. Putty can be kept for any length of time in 
a glazed earthen pan, and covered with a wet cloth. 

If you have no proper putty-knife, such as you 
see the glaziers use, you can use a broad-bladad 
pocket-knife, or a short table-knife. Put your pane 
of glasd flat into the rebate of the frame, so that 
it fits flush everywhere along the front edge ; now 
put on a layer of putty, with a knife pressing it well 
round the edge all the way, covering the glass to 
the breadth of one-thii'd of an inch, and sloping off 
till it comes to the inner edge of the frame. Then 
smooth off all round so that no irregularities or 
lumps stick up in the putty. Deal with the second 
pane of glass in the same way. Then let them not 
be touched till the putty gets hard and dry; the 
glass will then be firmly fised, and no shaking will 
shift it from its position. We have recommended 
you to have the glass cut for you in this case, and 
in all cases we think this best; for to cut glass well 
and accurately requires a diamond. Substitutes for 
the diamond do not last long, and only experience 
will enable any one to ciit glass weW. 
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When the putty is quite hard, it may be atainod 

^Eke the case, or dusted over with a little umber or 

ochre. 

The instructions given in this chapter may be 
applied to many other articlea " useful and bandy ," 
the designs and sizes of wliich must be regulated 
by circumstances. So that ive hope we havo put 
you into the way of making corner-cupboards — cup- 
boards to fill recesses in a room, and other purposes 
where such things are useful, and where the same 
method of working out a plan is carried on as IB 
here given. We have not added designs for other 
objects, because you can each readily do this your- 
aelves if you know exactly what you want 




The succesBful making of joints requires great 
care and accuracy in the use of tools, and it requires 
patience. We hope therefore you will not be con- 
tent always with putting together tlie various articles 
we have been describing with nails and screws, but 
so fit together the wood that fewer nails and screws 
will be needed. 

The beat way to start on this work is to have some 
special wood for the purpose, and go through the 
making of the various joints in the order of their 
difficulty. You must not be satisfied with your 
work till you get something exceedingly good ; every 
joint must be so made that the wood is not weakened 
in the least. 

The first thing for success in joint-making is to 
get some nice soft even-grained wood, from ij to 2^ 
inches square. The tools required are the square, 
carpenter's pencil, with fine marking edge — i.e. 
sharpened so that a fine line can be drawn close to 
the edge of a ruler or square — a tenon or hack-saw. 
Ooe from 10 to 12 inches long will ijtobably suit 



nrou best; it consists of a saw with thin blade and 
fine teeth, and ia strengthened at the back with a 
ar of iron or brass, into a groove at the edge of the 
T the blade is fixed, as shown in Fig. 18, 



I 

I 



The first joint we shall ask you to try your skill 
upon is an easy and very useful one, but frequently 
badly and carelessly made. It is called the half-lap 
:or corner joint. 

Cut off a piece of wood that has been nicely 

squared up, and of sufficient length to make a good 

joint in the centre of the piece. Place one piece on 

the bench, bringing the end of a second piece across 

in Fig. 19. Hold it firmly in this position while 




one piece only. When finished it should appear as 
in Fig. 22. 

If you have succeeded in getting a good specimen 
of the half-Jap joint, you can go on to the next; if 





Fio. 23. -Sawing, 



Fio 24.-Fitting, 



not, try another and still anotbei till you get a 
creditable piece of work. 

For a second joint try another fonn of halving 
joint — one that is often employed for joining beams 




that have to bear loads, and for this re 
times called the " bearing-joint." 

First, mark off the width of the cut, then saw it 
to a depth extending to hiiU tbe t\i\cknca8 of the 



orae- J 
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■ material ; then remove the portions from each piece, 
in this case with a chisel, the widest you have ; but 

"keep to your line and cut it as smootlily as if 
removed witii one chisel-cut. Then each piece should 
appear as in Fig, 23, and the notches in each case 
should be of exactly the same size, bo that when 
they aro fitted, as in Fig. 24, they may fit quite 
close, although each may be easily removed from the 
L other. As a finished joint we show this in Fig. 25, 




.nd Sawing, 

, where the pieces can be either glued or 
together as mentioned for Fig. 22. 

The next form of halving joint ia one in which 

I a tusk or tenon is cut so as to fit accurately into a 
notch in the under half. The notch is sometimes 
called the "I'redgold" notch, from the name of the 
inventor. Sometimes it is called the " Bald-faced 

k joint," In marking we have shown each piece 
separately in Fig. 26. Be very accurate in markiug 
as to the face and depth of the notch, to half the 
thickness of wood. In Fig. 26, a shows the side 
Section, b the top, a the bottom, and d thu liaM W.%. 
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In Fig. 27 we have the pieces ready for fitting, and 
in Fig. 28 the joint fixed and finished. 

In the next joint we have another form of halving 




Fio 27— ^thag 



4 

I with ' 



tenon-jomt You must be exceedingly careful with 
this ; it differs from the former joint by both aides 
of the tenon being of a wedge hke form. The 




method of marking and sawing are similar to those 
in the last joint. In Fig. 29, a shows the aide 
piece, b the top, c the bottom, d the upper face 
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■of the teooD, and e the side face of the tenon. 
Pin Fig. 30 we have the two parts of the joint ready 
I for fitting, and in Fig, 31 the finished joint. 




*7 



29. — Mnrkiag and Saniiig. 

These four joints form an excellent exercise, and 

^ will, as we mentioned before, require all your patience 

and care to bring out with a good workman's ac- 




res 31 — FinisTieil. 

give it up 



Ircoracy, but do not get discouraged 
all you have fully mastered every one 
The next form of joint that ■we vjatit ■JQM \a \t^ 
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your skill at is given in Fig. 32, a and 6. Iq 

marking this joint out before cutting, bring the two 
ends of the wood together flat on the bench, divide 
the thickness of each into three equal parts, mark 



Fia. 32. — Mftrking anA aawing. 

round the end of each piece, then place a on its 
end and cut out the groove, then b, removing the 
two outside portions, leaving the "tongue." You 
will then have the two portions ready for fitting, 
as in Fig. 33, where the tongue and groove are 




33.- Fit till g. 



shown as cut, so that when they are fitted a perfect 
joint, as in Fig. 34, is the result. _ You see at once 
the importance of accurate marking and accurate 
cutting, so that when fitted it may fit tiglitly, with- 
out the least inclination to "looseness." This joint 



may be permanently fitted with glue, or with pegs, 
' as we have before mentioned. 

A joint such as this is useful in making a door- 
frame, or any frame where a beam bas to rest firmly 
on upright posts. In sawing the ends it is best to 




4 



fix the block in a bench-screw, end upwards, iso 
that you have plenty of freedom in using the saw. 
In the next joint we have one that differs altogether 
from any of the previous ones. One piece ia so 
tongued that it has to be fixed into the other. It 






is called the tenon and mortise joint. Before begin- 
ning it, look well at the Figs. 35, 36, and 37, where 
each stage of the process is shown separately. In 
marking out the portions to be cut away, bring the 
end of one piece to the centre oi tVe si.4c cS. 'Ooa 
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other piece like the letter T. See that the end of 
one piece is perfectly flat, so that the side of the 
other is everywhere in contact with it. Now draw 
two lines across the T piece in contiimatioD of the 




sides of the piece in which the tongue ia to be cut. 
Now mark the tongue end across with two lines, 
dividing it into three equal parts. Do the same 




with the side of the T piece towards you, then you 
will have the place marked b, which is to rec^ve 
the tongue of piece marked a. Remove the portions 
of a according to the metbod already given, by 
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iding it OD end in a vice, or hold it with tlie 
and remove the portious by the 
ion-saw. To get the ho]e through piece b, you 
have a mortise-cbiscl and mallet, as shown 
Fig. 38. The accuracy of tlie fitting will depend 
on the care with which you cut the mortise. First, 
hold your chisel, which may have a blade an inch 
in width, in your left hand; hold it vertically, the 
flat side towards you, cut the portion all round, 
keeping the edge of the chisel well within the line 
in case of its slipping. Give a smart blow with the 



Fib. SS.-Mortire, Chisel, and Mallet. 




^Ftnallet; the chisel will be driven into the wood from 
f ineb to | inch at each blow. Do this from both 
sides, if you have to cut the wood through ; if not, 
having gone round, dig the wood out to the depth of 
the cut made ; then if required make a deeper cut, 
and repeat the operation of clearing out the wood. 
Hold the chisel firmly, keep it to the line, and 
keep a good edge on the chisel, and you will succeed. 
You may have to clear out some tittle irregularities, 
and smooth it up, but keep the edges sharp, and 

K sides at right angles to one another; this you 



M 



Now tij the pieces, as in Fig. 36 ; if the teDua 
and mortise are botL well cut they shoold fit as in 
Fig. 37. This is the most troublesome joint you 
Lave bad to fie yet; bat to do it well will folly 
repay all the troable, civre, and patience expended in 
tiying. It is a particularly useful joint ; for beams 
and supports fitted together with such joints are 
remarkably firm and strung. In doing the double 
tenon and mortise joiat (Fig. 39, a, b), the same 
instmctions must be adhered to. In marking out, 
the space most be divided into fire equal portions 



instead of three; in sawing it is more troublesome 
to keep the shoulders at the end of the tenons 
quite square. This, however, you will mantle if 
you are accurate in your marking and measuring. 
In putting the two mortises in b, keep them quite 
parallel, and do not split the wood. Tou are not 
likely to split it if you have a good sharp chisel, 
and hold it vertically with a very firm grasp. 
Fig. 40 shows the pieces tenoned aud mortised, 
ftud ready for fitting, as in Fig. 41. If you complete 
this joint well, you will have done a remarkably 
^ood piece of work. There ia one othei: ioint that 
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L IB exceedingly useful when a beam needs to te 
I lengthened, and therefore we will ask you to try 
tyoiir skill on it. Divide the thickness of each 




scantling into three equal parts. Mark with pencil 
I or scribe, as in a. Fig. 42, with a line inclined 
[ iniraids, not more than one-third of the whole thick- 




^ 



I neas of the material, then a line inclined towards 
Ithe centre about half as long again as the breadth 
I of the wood. At the end of this a, Ime bJciqmIv. M&a 
igih of one-tbird the thickness oi 'liifc "«wA. S^ 



the direction shown ; the nest for the downward cut 
as shown in the figure. Now mark a second piece, 
i, with these lines reversed, then cut with a tenon- 
saw along tlie lines so marked, and you will have 
the two pieces as shown in the Fig. 42. 

Now bring the sections together, and if you now 
drive a square pin, e, through the opening between 
the two pieces, yon will see how strong the joined 
beam is. The joint may be permanently fixed by 
glue, and stronger still by a screw-holt put through 




at c, to keep the parts from slipping. If you are 
careful to use only well-seasoned wood for all these 
joints there will be no shrinking, and therefore no 
loose joints, however long you may keep them. 
Such a series of joints kept by you form a sort of 
reference series, which will help you on when yon 
are in doubt as to what joint is the most suitable 
for certain objects. 

For shelves, hoses, drawers, square joints; and 
whenever neat work has to he done, to be able to 
put in a dove-tailed joint is very important. It U 
dMcult at £rst to manage \l, Wt \i\vexi ouca so- 
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compliahed, you will find it easier each time you 
have one to do; and it gives your work such 
neatness and solidity that we are sure you will 
introduce it into all your best wurk In Fi^, 43, 
a and b show how the marking and the saw ng 
ZQust be done. Try it first with wood from f inch 
to I inch thick. You see it has to be so arranged 



Ena 



Front 




I that the tongues or dove-tailed pieces at the end 
of one board must fit into sockets at the end of 
another board. First, with a pencil or Bcriber, draw 
along the ends of the boards to form the joint a 
line parallel to the edge, and an inch from it. Then 
1 mark out between the edge and the line the number 
I And size of the dove-tail ends, as \t lusvA -ovk^s.^ 
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a in Fig. 43 ; then do the same for b. Nest, 
cut very carefully with a tenon-saw the slits for 
each tail-piece ; then with a mortise-chisel cut along 




the gauge-line, and you will have the tongues as 
shown at front, a. On turning it round you 
will have them as at hack, n, and the end into 




i 



which thia fits is represented in its various atagea 
at i. Fig. 4-3. Fig. 44 shows a and b cut and 
smoothed up ready to fit together, as in Fig. 45 ; 
the ends will jirobably stand fvom ^ to ^ of an inch 



t 



above the general level of the sides; these must 
be neatly cut off with the tenon-saw. If you have 
perfonneil this work accurately, the pieces will fit 
without any open spaces, and will be exactly at 
right angles to each other. Having acquired skill 
to make a good dove-tailed joint, you will have 
gained one of tfie most difficult steps of working 
_in wood. 

■ Work very steadily and very carefully at these 
■nirious joints, and do not be satisfied till you have 
' mastered them all. We do not say work at them 
continuously, but do something at them every time 
you go to your workshop, till you have acquired skill 
sufficient to do them readily and accurately. Call in 
friends who have good eyes for accuracy and neatness, 
and get their kind criticism on all you do. 

In our next chapter we will proceed with a few 
heavier structures, which you can work at out of 
doora. 



CHAPTER V. 

HOW TO DO OUTSIDE WOODWORK. 

We will first suppose that you have a garden. 
The edfjing of the garden-beds is frequently a 
matter that lias to be decided on. Tiles are heavy, 
brittle, and expensive; box-edging always' requires 
clipping to keep neat, but a good wooden border 
put down carefully looks well, and lasts for years. 
This is one of the things you can do. Get some 
lengths of wood ; if you have to buy them for the 
purpose, they will cost ^d. per foot, in lengths of 12 
feet, width 6 inches, and 1 inch thick. 

If jou have to make them out of lengths from 
egg-boxes, you have nothing to do but cut them off 
in the lengths required ; the width is determined by 
the stuff as it comes to your hand. In order to 
increase the length of time such wood will laat, it 
may bo charred. Some persona, to prevent the early 
decay of the wood when put into ground, tar its 
surface. This we do not advise if you want to paint 
it afterwards ; if you do not, you can tar each length 
of wood before it is put into the ground — it is a sure 
preservative against early decay. If you determine 
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to do this, be careful, and only put tlie tar where it 
is required ; you can probably borrow tar-brush and 
bucket where you get the tar. After tarring, the 
wood must get thoroughly dry before being used. 
In the other plan, the wood may be lightly smeared 
■with petroleum; then set fire to it; the flame will 
quickly go out. It requires careful management. 
Do not perform operations near to any objects that 
will readily catch fire. This will slightly char the 
wood, so that it will be aa well preserved when put 




^ 
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into the ground as if it had been tarred. The other 
advantage is, the wood can be painted afterwards. 
While the wood is being got ready to put down, make 
some stakes of 2 inch stuff, and about 8 inches long. 
They must be shaved off so as to have one thin end, 
aa in Fig. 46, a ; this is to allow it to be driven into 
the ground easily. Having prepared sufficient so as 
to have one for about every 6 feet, take a line 
attached to a stake, and put it in the ground at the 
irting-poiut. Stretch it out along the line you want 
j)ut in four edging ; draw it tight, ani -^xA '■m. tia.^ 
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stake at the other end. Now witli a gn.rden spade, 
make a sUght hollow trench all along the line. Put 
in the lengths of wood ; make them secure by driving 
in the prepared stakes at proper distances ; to give 
strength and stability to the wood, nail them 
together by some 2 inch nails. In driving in the 
nails you must either have some one hold a stone 
or brick at the back of the stake, or hold one there 
yourself with your foot, or each blow instead of 
knocking in the nail will knock out the stake. 
Having done this to the extent needed, get a coarse 
hempen rope, and nail all along the upper edge of 
the wood. When complete you can paint it a terra- 
cotta red, or you can paint it green. If properly 
done it makes one of the neatest and most durable 
garden-edges we know of. In Fig. 46, h and c, we 
show the section and elevation of the edging. 

TO MAKE A SWING. 

Tou may like to add a swing to your garden 
amusements. To put one up is rather heavy work, 
but with the help of a companion you may be able 
to manage it without a great outlay, and it will give 
a good amount of honest work to both of you. 

First, you must have the uprights, then the cross- ■ 
piece from which to suspend the awing, then hooka 
and rings, then the seat and ropes for the awing. 

For the uprights, the best way is to go to a 
timber-yard, and select two lengths 10 or 12 feet 
of squared timber, or ends of scaffold-poles from 4 
inches to 6 inches across. You may sometimes meet 
with such pieces cheap, but ^ou mw^it Wn^ ^^j 



leet I 



sound stuEF, s\ich as will bear a good strain. Then 
you must have a "jamb " for each of the uprights to 
be sunk into to make for it a foot, and two atmts for 
each upright. Fit tbera together, as shown in Fig, 
47, «, makiug use of any suitable joint among those 
given in the last chapter. In Fig. 47, a showa how 
each foot must be fitted. The uprights must not be 




u 
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Fia. 47.— Tlie awiDg 



* cut in any way so as to be weakened. The foot had 
better be about 3 feet long and 6 inches wide, with 
the bottom end of the upright let in, as shown in 
Fig. 48, with the struts let into the foot, and long 
enough to grasp the upright 3 feet above the foot 
This must be put together with 3 inch nails. Bore 
the holes with a gimlet before putting them in, so 
's no fear of splitting the wood. They must 
i sunk into lie ground to the depth oi ft iea^ ot 
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more in the case of a 12 foot length ; tar tliem before 
putting them in; take care and fix them uprights 
Let the soil round these be well rammed in, so that 
they stand very firmly with a distance of about 3 
feet 6 inches between each. The cross-piece at the 
top had better be fitted with a pair of strong hooks 



at a distance of 14 inches apart; measure the distance 
so that the swing hangs exactly in the centre of the 
beam. The hooks can either be screwed in, or they 
can pass through the wood and be fixed into a nut 
on the other side; whichever you can manage 
strongest and best. In putting the cross-piece into 
positioD, you can use lUe haV\iLQg joint. Fig. 19, or 
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cut nobbing away, but put the ends across tlie 
uprights, and secure them by an angle of sheet-iron 
(b. Fig. 47), which a blacksmith wilt make for yon 
for a few pence, and which will bind round the cross- 
pieceand uprights; nailed at the face and back ; and 
■will make the whole very firm and secure, and very 
strong. Then to improve appearances it will be 
better to give it two coats of paint, and while this 
is drying you can make the swing. Get a good 
board of hard wood, 14 inches by 8 inches ; plane it 
up so that the upper side is quite smooth. At each 
end on the under side screw a ctoss-piece to keep it 
from warping or splitting. 

Get a carpenter to put through the comers, not 
too near the edge, four holes for the rope to pass 
through. We say " get a carpenter," because these 
holes will have to be made with a brace and hit — 
a tool which we have not mentioned, or which will 
not probably be among the set you possess. 

Now you want the rope. Get a good stout piece, 
long enough to suspend the seat about 2 feet from 
the ground. Arrange the rope as shown in Fig, 
47, c. When the ends are spliced let them be 
bound over with some good waxed cord, so that 
there is no fear of slipping. In the upper end two 
grooved rings must be hound into the rope, so that 
by these the swing is suspended on the hooks. 
Under such an arrangement there will he httle 
.fciction, and the durability is almost never ending. 
The complete swing is represented in Fig. 48. 

A serviceable swing may he made with somewhat 
!S3 outlay, perhaps, by getting four fuiily straight 
bi'anchea and lettm^ ^Kftia. 'wAa 
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the ground with a strong iron bar held firmly iu the 
two forks at the top. In this bar tbe two hooks 
must be fixed to suspend the swing from, as ebown 
in former diagram. Be sure the whole sti-ucture is 
secure and strong; there are more ways of securing 
this than we can possibly mention in our general 
instructions. Frequently swings are fixed to the 
projecting arm of a growing tree, iu which case it 
is very easily and cheaply contrivetl. 



TO BUILD A SUMMER-HOUSE WITH TABLE 
AND SEATS. 

A rustic summer-house is a structure we have 
frequently been asked about. How is it to be 
done ? How shall we set about it ? — and the like 
questions. Suppose we now give a few particulars 
that will help you to contrive such a shelter. First, 
pick the moat suitable spot you may have, a corner 
which affords a nice situation, but do not select a 
spot where the drippings, and those likely to be 
heavy ones in rainy weather, will fall on to the roof 
of your house. 

The frame-work of the house can either be made 
with squared wood or rustic ; the latter gives a better 
appearance to a garden structure. If you can easily 
secure the wood it will well repay you. This is a 
larger piece of work than we have dealt with before, 
so that we must ask you to keep well to our general 
instructions. 

If you caunot get any good strong rustic posts for 
uprights, get some quartering 3 inches square for 
a "lean-to " house, tbe tack oS '«\uc\i tob.'j cKi>ca.% close 
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to a wall, so that the wall may foiin the actual back 
of the house. Having fixed on the size, mark out 
with a line your ground -pi an. Get the uprights 
sufficiently long, so that they be sunk a foot into the 
ground. Let thera be quite vertical, and so sunk that 

i above ground the front stand at the same height; 

I and the two back ones at the same height, but six 
inches lower than these forming the front of the 
jhouse. The end is shown in Fig. 40, a. Jlark off the 
^4 




jigle at wl icl the i \ ri„l t i i t b cut 1 r the top 
kdo piece to be nailed to, then nail it securely on the 
tprights at each end. For the front and back top 
, cut the ends, using the halving joint, Fig. 21, 
Put it into position, as Fig 49, &. Bore two good holes, 
Land drive in S-incii nails. It would be as well to 
■■char or tar the ends before putting them into the 
Eground, as we directed for the swing. 

Now you must have a frame-work for the lower 

art, to which the door-frame can he fixed, and to 

^ Jwhich the floor-boards can be laid. This had better 

e of 3-inch quartering, halved into tite m-^xv^A?. i\. 
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front, back, and two ends. This will completo the 
outside and heavier framework. 

The next thing, make up your mind as to the kind 
of doorway yon would like. If you can make it with 
light crooked wood to give it a rustic appearance, so 
much the better; if not, take two lengths of 3-iuch 
qiiartei'ing ripped down the centre. Plane up the 
sawn side. Set a doorway 2 feet wido in the centre 
of the front of the house. Set these uprights into the 
threshold-piece to the depth of about an inch, and 
cut away the same in the upper part of the frame as 
in Fig. 49, c, taking great care that both pieces are 
upright. Secure them by some good nails, but bore 
Iioles first so that none of the wood gets split. Next 
determine the height of the doorway, and put on two 
pieces of the same material, halved 3-inch quarter- 
ing ; cut off lengths so that they form posts, as in Fig. 
49, d. The sides and hack can be filled in with thin 
boards of any description ; those most easily obtained 
by you. Then there is the roof, which must be laid 
on rafters ; the number of the latter required depends 
upon the length of the summer-house. 

Then it can be boarded, and afterwards covered 
with felt to make it water-tight; or sheet-zinc; or 
even Willesden paper, which is liglit, water-tight, and 
durable. In fact if this substance is employed, no 
wood is required for the roof; the same remark ap- 
plies to sheet-zinc. A piece of zinc must also be used 
all along the back lower edge of the roof, if it cornea 
near to a wall, to form a sort of " gutter " to drain off 
the water ; if free from the wall, a ridge lapped over 
and turned downwards is all thnt will be necessary. 
The front will look nicely if &Ued m with trellis- 
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irk, as in Fig. 49 ; this may be done with ordinary 
ilasterer's laths, or light slips of wood. In arranging 
this trellis-work, be careful and let it he quite 
uniform. Creeping plants may be afterwards trained 
to cover any part of the outside of the summer-house, 
'he outside may be stained and varnished, or painted 
tiding to taste and the character of the sniTound- 
'ings. If made in rustic wood, painting it will of 
course be out of character with the structure. If 
you require a very level floor you can pave it with 
tiles, cover it with gravel well rammed and rolled ; 
|With shiugly stones levelled and spread over with a 
lyer of cement ; or the floor may he boarded. 
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Now you want seats and a table. A permanent 

t can be supplied by an inch board, 8 inches to 10 
■inches wide, supported on end-pieces of the same 
thickness, and cut off a suitable height and nailed to 
the back ends of the summer-house, so that it runs 
the whole length. The number of intermediate sup- 
ports must depend on its length. The table is the 
}ast item we need describe. The size of course we 

Lve to you. In your choice you must he guided 
tiy exactly what you want, and if made movable it 
may be used generally for out-door purposes. 

Take some J-ioch hoards; cut them off each to 
required length. Suppose the breadth is to be 3 

it, and made with four 0-incli boMiia, "gWuei as^ 
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the edges with your jack-plane, and see that the 
edges when brought together fit quite close. Cut off 
three lengths of wood 2^ inches wide and J inch thick 
and 3 feet long for rails, one for each end and one 
for tlie centre; to these screw down securely the 
boards you have prepared with their edges close 
together. They will be the more secure if glue is 
spread along the edges before screwing thc-m down. 
You should have two screw-drivers at least; one fur 




Fio. Gl. — SuDimei-bouse TaUe. 

heavy work, such as this we are now describing, and 
one smaller, as shown in Fig. 60. If you have the 
skill, the boards forming the top may be tongued and 
grooved instead of being brought together with the 
edges AusIl This process we show in Fig. 51, a — the 
pieces before being put together; 6, after they are 
glued together. For the support of the table, you 
want some red deal, cut in lengths of about 3 feet, 
and from 4 inches to 6 inches wide and 1^ inches 
thick, to he fixed into one another where they cross, 
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as in Fig. 51, c. You must make n. good joint, or tho 
fiimness will be lessened. Next, screw the legs on 
inside the rail at the tnble-top with good 2^-inch 
screws; and to give greater firmness still, a rail, Fig. 
51, c, must be made and 6xed as shown, held in 
position outside by a stout wooden pin, /, This 
will make a strong substantival table, such a. one as 
many of our backwoodsmen brothers would be glad 
of in their log-huts, and such as you may be able 
to knock up if ever so fixed yourself, 

Stools or forms may be made in the same style; 
but of all the simple seats to make, the tbree-legged 
stool is the easiest to accomplish. Take a slab of 
wood, round, square, or oblong — round is certainly 
best — in thickness it may be from 1^ to 2 inches 
thick. Bore three holes at equal distances from 
each other, and about 1| inches from the edge ; bore 
them not straight through, but sloping towards the 
centre. Into these holes drive some stout pieces of 
wood, as far as they w'lW go ; cut them off at tho 
top flush with the seat; and from the direction of 
the boles the feet will project outwards beyond the 
seat; cut them off each the same length, and see 
that it stands firmly. Next cut a slit by means 
of a chisel into the top part of each foot, and 
drive in a wedge. This will firmly fasten the feet, 

I prevent their becoming loose when the wood 
gets thoroughly dry, should not that precaution 
have been taken at the first. For a square or oblong 
, four feet will do better than three, and if the 
seat is high, tho legs must be strengthened by a 
ledge, which may be a baSf-incb rod let into holes 
bored into the legs and held firmly 'bj ^wa. 



A rough kind of uhaii- may be made easily, of a 
seat or s!ab of wood, supported in s. frame formed of 
four legs ; where the legs on one side extend upwards 
to form the back, the legs and the back being 
strengthened with rails. The instructiouB already 
given, will, we thiub, enable you with exertion of 
a little ingenuity to make one, if you are so inclined. 




CHAPTER VI. 

OtJTDOOR BI7ILDINGS AND STRUCTUHEg, 

In giving instructions in wood-work, the objects 
upon which you can exercise your skill and ingenuity 
seem to increase rather than decrease. We must 
tlierefore make this a chapter of general instiuotiona 
rather than confine it to one or two objects. 

In our last chapter we described the method of 
making a " lean-to " summer-house, but all spots 

Lara not suitable for such a structure. It seems 
therefore desirable to describe another form, and 

Piphile 80 describing it, ask you to remember that in 
making the frame-work, the same mode of proceed- 
ing will do for a shed or a wooden house of any 
description. 

I In making the frame-work, the uprights can 
always be sunk in the ground, the holes being well 
rammed with bits of brick, stone, or other material ; 
or a frame-work may be made so that it can be 
token down and removed easily, the uprights being 
fixed to a wooden foundation instead of being let 
'into the ground. The foundation-ftamea o^^fc-a. Te,*. 
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on a course of bricks aunk just below the sur- 
face, and are best made by cutting off the lengths 
of wood and joining them with the half-lap joint 
(Fig. 19). This is a simple joint, but often badly 
made. Remember there are three surfaces to be 
made for close contact ; there is not only the over- 
lapping portions, but the end of each lap; these, 
accurately fitted, is a type of good workmanship. 
Do all the cutting across the grain with a tenon- 
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FiQ. 53.— Bpars Joined by " angle" 



saw (Fig. 18), and do not go a fraction beyond half 
the thickness of the wood. As these pieces when 
joined together will be on the ground, and subject 
to damp, it will not do to use glue, but they can be 
joined together by wooden pegs called "dowels," put 
in perfectly dry. Let the dowels be cut 5 inch 
shorter than is needed for the united thickness of 
the wood, and dried before the fire for an hour or 
so before putting them in so that they may get their 
maximum shrinkage. 

The frame-work may be sc^uare, oblong, hexE^onal, 
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[ or octagonal — the two latter are favourite shapes for 
sammer-houses standing in snug corners. The up- 
rights are piit at each corner, and may be secured 
by angle irons, as in Fig. 53, a, if you do not use the 
halving joint; the upper part of the frame-work 
being mnde according to the directions given in the 
last chapter. 

If in the case of a aumraer-house you want a 




I 



roof, you form it with 1§ to 2 inch stuff, 
according to the size of the house ; tlie upper end of 
each spar must be carefully cut so that they meet 
together as one piece. Such a house may be covered 
in with thatch, heather, or a plain wooden roof, or 
Willesden paper, and if you want to give a rustic 
appearance to it, and have only light wood for the 
purpose, split the wood down and n&W \\. mSlo. >a&^ 



flat side next the wood-work, The whole may be 
then stained and varnished according to otjt former 
directions. You will thus have a structure that 13 
durable iind strong, and one that can he removed 
from one place to another without any great amount 
of trooble. 

For a summer-house built with unplaned wood. 




select wood that has been cut down in the winter 
witii the bark on — suitable branches can be selected 
from the common fir, the silver fir, and spruce. For 
the uprights you must select good straight poles, 
and almost 4 to 5 incbea in diameter. For the 
smaller work you can use crooked oak branches, 
or branches from the apple-tree. Inside work may 
be done ivith hazel, and sticks ttoTQ. &.e vaa.-^le. 
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lUpposing you want a liouse of sucli dimensioos as 
Jie following — 8 feet long by 4 feet wide, and 6 feet 
high to the eaves, the collar or end posts moat be 
set into the ground at least 2 feet, liaving the bark 
stripped off this portion and well tarred to preserve 
them. The cross-piecea at the top are halved and 
joined to the top of the collar-posts, as shown at 
Fig. 53. This is done after the tops of the corner- 
posts are cut flat. At the top and bottom inside the 
house, pieces are nailed to corner-posts, to which the 



~1 




FiQ. 66, — Showing plan of oorDer of Bastji 
a. oorner pdst ; I, split wood for outside 
tbinner nood for iuside. 
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■rood forming the sides and ends of the house are to 
I nailed. Saw the ends of the raftera as shown 
at c, and fasten the whole together at each corner 
by large nail-spikea. The frame-work of the roof 
should bo as shown in Fig. 54, The walls of the 
house are formed by split poles, as shown at Fig. 5a. 
These want to be ripped by the circular saw if you 
can have them so done; the cost will not be much. 
^^^be inside may be done in the same way to half 
^^^ height, and the upper half \o 'Odr ea-jes •wv'Ga. 
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smaller wood, nailed diagonally. This gives it a 
nice appearance. To roof it in — thatch may be 
employed if you like to try your hand at this method 
of roofing — it is quite in character with snch a rustic 





FiQ. 56.— Frame-work of Out-hnnBe. 



structure. The rafters are crossed and connected by 
rough rods nailed at about 5 inches from each other. 
For thatching purposes, heather or furze, fastened 
by small twig buckles, is best. Lacking this you 
must do it with straw — of which wheat-straw is the 
best — which will, it is said, last for twenty years i 
well done. We are afraid "we can. ^\e wi icrj ^fxn 
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directioDs for thatching; but in districts wliere it is 
likely you will get good material for rustic work, 
there it is likely you will he able to get instructions 
from a thatcher, who is kept on a farm for this class 
of work ; for all stacks are covered in with tliatch. 
In thriving agricultural districts prizes are frequently 
given for the best and neatest thatching, and a man 
capable of doing this work well will only be too 
pleased to render assistance to an amateur. 



I With ordinary trouble and a good use of the tools 
»e have described, you can make several articles 
useful for out-door purposes, such as a tool-shed, 
hen-house, hen-coops, hutches, kennels, bee -hives, 
flower-stands, put up ordinary fencos, and make 
plain doors and gates. 

For an ordinary house or shed we vrill give you 

a few general directions, which, with those already 

—given, will assist you to carry out successfully any 

^'iFork of this kind. The wood Tet^uiieA \& VW^ 
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quartering for the ground-frame and uprights, while 
2| inch will answer exceedingly well for the rafters. 







Fig. 58. — To show arrangement of Nest-boxes and Slip-doors. 



The skeleton frame-work we sketch in Fig. 56, while 
the joints employed in putting them together are 
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kigiven respectively in Fig. 57 at a, i, c. These you 
Tvill observe are simply applications of those given in 
Chap. IV. The rafters d, in this case, are nailed to 
a narrow plank /, which acts aa a sort of key-board, 
for if securely nailed the weight of the roof itself 
will keep it in position. 

For roofing purposes we have already said enough. 
If, however jou make a fowl house nothing is so 

Lgood for the rouf aa ziuc In such hou&ca it is 




I frequently required to ventilate them and to make 
]" boxes and drawers inside which re [uire to be got 
I at, by slip doors aa at & m Fig 58 whure the door 
f opens to various paits of tht. inteiior and for this 
I purpose are fixed vertically and horizontally, carried 
I out somewhat as the plan. Tiie nest-boxes are sus- 
' pended or placed on shelves in the house, and are 
shown in Fig. 58. Such a house must also be 
closely boarded to keep out both cold and damp. 

The size of your fowl-house must regulate the 
kind of structure you put up. You may buy large 
boxes or tea-chests, which, with little a\tera.\.\Q-a, -w^ 
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lielp you williout the elaborate strnctnre we have 
described. 

For making hutches, a large box will fteqaently 
sutSce. Alter one side into a sloping sarface for a 
roof. The front may be arranged with wooden bars, 
a portion fitted in a wooden frame to act as door, 
03 in Fig. 59, or it may have a front of wire-netting. 

Wire-netting may also be used for enclosing the 
fowls' run, which should extend as f^r from the 




Fio. 60.— Pigeou House. 

fow!-houae aa your space will allow; the less con- 
fined your fowls are the better they will prosper. 

A Pigeon-loft ia also easily made out of a bos. 
Give it a pitch roof, as in Fig. 60, and it may be 
nailed to a wall attached to your fowl-house or 
mounted on a pole. A house for five pairs of pigeons 
may be made of a hox 2 feet long and 1 foot 8 
inches wide and 12 inches deep. Let the box be 
utood on an end, and the divisions in it made as 
shown in Fig. 60. Then fit a front of J inch or J inch 
stuff, cutting each so that a stage of 3 inches wide 13 
}eft in front ol each. 



J 
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I A Hen-coop is mada of a ground frame of 2 

pich Btu£F, and rail 1 inch by j inch, enclose It aa 

Hho'wri in Fig. 61. Let a little sliding-frame be 




'Hea-coop. 



attached to one side, that can be raised so that 
the bird can be allowed to get out and in without 
lifting the whole thing off the ground. An improved 
form is shown, made like a rabbit-hutch, in Fig. 59. 




H A Dog-kennel can be made out of a box, unless 
■* you want a very large one. Suppose you require 
one 2 feet long, 1 foot 6 inches wide, and 2 feet 
bigb; a box of this size is frequeiit\'3 to \iei ^jom^'^. 



HOW TO MAKE COJniON TfUNGS. 

cheap at a tradeamaa'a — Fig. 62, a. At one end 
cnt out the entrance through which the dog can 
pass eadly, Theti trace above it the lines show- 
ing the pitch of the roof, and cut the ends into 
shape. A strip or two may be required to be taken 
off the sides; if so, they will come in for roofing; 
which when complete must be painted; green or 
black is best. Then put it on to four square blocks, 
so that it does not stand close to the ground — Fig, 62, 
h. The inside does not require painting, hut may be 
kept sweet and clean by a coafc of lime frequently. 



TO MAKE A CARPENTERS STOOL. 

You will, for heavy work and for sawing wood, 
often require a substantial support for your work. 




This you wilt have if you make yourself a carpenterB 
stool, or even a pair of them. In Fig. 63 we give 
a sketch of it, so that with the instructions we have 
already given, you will find no diflSculty. Make the 
top of 2J inch stuff, and about 3 feet long by 6 
inches wide. The feet may be made of 3 inch 
quartering. The rail for binding the feet of 1 inch 
stuff by 2j inches wide. 




. SET OF STEPS. 
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TO MAKE A SET OF STEPS. 

In Fig, 6* we show sucli a set as we propose that 
^ou should make. Tiie sides may be 3 feot or 6 feet 
in length, and about 5 inches wide, and 1 inch thick. 
The bottom ends must be so cut that when standing 
it is in a slanting position. The four steps shown at 
a are 5J inches wide, so tliat when fixed the front 
E|iiojects i inch from the side, and each is 1 inch 
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tick. The top step is 12 inches wide, the next 
»low 13 inches, and so on for each step, so that the 
lower end of the steps spread out, and by this means 
stands firmer. The distance between each step 
should be from 7 inches to 9 inches, and each must 
he fixed to the sides hy a groove, as shown at a, or hy 
mortise and tenon; in either case they must be 
very secure. The top step of all forms a sorb of stage ; 
into it the sides should be mortised, or let into a 
grooya The Jalter airangcment, \iofle,'jftt,\Ka\4\a 
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weaken it, therefore the other ia the better way. 
This Btep is wider than the others, and projects all 
round about 1 inch. When this portion is complete, 
screw on a flat piece of board across the top, as at h. 
To this attach a pair of strong flap-hinge?. Then 
make a light frame of 1 inch stuft^ consisting of 
two upright pieces 2 inches wide, and two cross- 
pieces ; one at the top, c, and tho second about a foot 
from the bottom, d, mortised into the uprights, and 
held fast by glue. Then let it be screwed to the 
under tlap of the binges, and be cut off the same 
length as the steps side. A coi-d, s, is attached to the 
steps and frame to determine the distance to which 
they can stand apart, and give firmness to the whole. 



TO MAKE A SHORT LADDER. 

Get a tapering pole 10 or 12 feet in length; bore 
holes through it at intervals of 8 inches or 9 inches, 
about i inch in diameter. Now let the pole be 
ripped down the centre, and prepare as many spokes 
as you have holes, taking care that the lowest shall 
be the longest, and that each one above should be 
a triHe shorter. Let each be fitted quite tight, and 
at the bottom and top be very secure; and if the 
ladder ia longer than 12 feet, an iron rod put under 
the top and bottom stave, projecting through each 
side and secured by a nut, gives extra strength and 
security to it. 

TO MAKE A DOCK, 
Doors are of two kinds — ledged and panelled. The 
former is Jess difficult to make Wiaa t\ie Wfctet ; ia 



TO MAKE A DOOK, 
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"fact it requires more skill to make the latter kind of 
door than you would well acquire, bo we will give 
directions for makiug s, ledged door. Every door 
must have a frame, which consists of two side-pieces 
called the "jambs " (a. Fig. Co), and a lintel, h, which 
is generally halved into the janiba, and a sill, c. 




into whicli the lintels are generally mortised. The 
simplest kind of ledj^ed door consists of boards, the 
edges of which come flush together, and are secured 
to the rail either by screws or nails. A better door 
would have the boards grooved and tongued, ns in 
Fig. 65, d, and then secured to the ledges, which 
sometimes have diagonal braces added to gwe gca^\s:\ 



86 HOW TO MAKE COMMON THINGS. 

strength. The hinges, both the size and kind, must 
be determined by the weight and the aizo of door. 

TO MAKE FENCINO. 
An easy method of making a light fence is by 
open lattice-work nailed to rails supported on posts 
at intervals, the length of which must be determined 
by the height and weight of the fence. The posts 
must be sunk into the ground. This portion should be 
thicker, and need not be planed up as carefully as 




the part that is above ground. The lattice or open 
portion should be done with smooth laths, as shown in 
Fig. 66. Take care that the posts are upright, and that 
the earth is well rammed round the sunken portion. 
A very neat and substantial fence may be made 
by strips of cleft oak, one strip of which laps over 
another. These palings require siibstantial posts 
into which rails are tenoned. To these rails the 
palings arc fixed, while a hoard runs along the 
bottom giving a finish and strength to the whole. 
The open paiing ia another Iavou"n.\a taeAfcad at 



I fencing. It consists of rails tenoned into posts, to 
* whicli neatly cut and planed palings are nailed at 
regular intervals, as shown in Fig. 67. A gate can 
be made to suit any style of fencing. First make a 
strong frame, which must be mortised together, and 
strengthened by a diagonal rail. The post to which 
the gate has to be hung must be equally stiong, and 
the latch and hioges must be strong enough to carry 

A A A A 



the gate, but plain or ornamental as a matter of 

L taste. If the gate is very heavy, the post to which 

I it is bung must have a foot similar to that attached 

1 to the upright for the awing; for the post must be 

upright, or no gate will swing welL 

Following the directions we have given for making 
the various items, we think you will have gained 
sufficient skill in handicraft to accomplish most 
ibiagBjou wilt be called on as an amEtteMi W &o,mA 
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at the same time have gained a good knowledge of 
the use of tools, which can afterwards be extended 
should you put yourself under a good teacher, or even 
become an apprentice to some handicraft busineBS. 

In regard to tlie prices of wood used in making 
the various articles mentioned, we have quoted it as 
received from a deal-yard, where you can get it of 
any description, and in any length, width, or thick- 
ness, and rough or planed. 

You, into whose hands this hook may fall, will 
have different methods of supplying yourselves with 
wood. Much good wood, except for the heaviest posts 
and uprights, may frequently be bought up in the 
form of disused packing- frames, and boxes of various 
descriptions. Take care in every case to remove 
every nail or screw that would prevent you from 
using a plane or cutting tools about them, and do not 
buy wood planed if you can do the planing and 
smoothing for yourself. We have given no very 
special directions about nails or screws. These you 
had better select from a good ironmonger's, where 
you can see every kind you are likely to want, and 
where you can have any directions you need for 
using them. In buying locks and hinges, the prices 
given includes the necessary screws. 

The various stains or varnishes we Lave men- 
tioned are kept by most oilmen. If, however, you like 
to make them for yourself, you can do so. We think 
that our directions in one of the early chapters are 
clear enough to enable you to do so. 

In our next chapter we shall give directions for 
making things of lighter structure, in the form of 
ornamental work and model-mating. 



CHAPTER VTI. 



INDOOR WORK. 




Tn this cliapter we propose to give a few directions 
I for malting smaller objects, including models. Such 
work ia belter adapted for winter evenings, when you 
can sit indoors and work, and at the same time not 
be shut out of the family circle ; but while you are 
working, can even appreciate some one reading an 
interesting tale which you would likely find yourself 
well able to follow. 

In the first place, we will Introduce another kind 
of joint which you may find particularly useful in 
making up small boxes. As to the kind of wood for 
small work, you must select that according to tho 
objects you intend to make. You will find cigar- 
boxes very useful. You can take them to pieces, rub 
them down, and smooth them, and they will he easy 
working and tiike a good polish afterwards. 

Now for the joint we spoke of. It is a tongued 
and grooved joint, as shown in Fig. (J8. Here the 
end pieces are rebated as shown at a, and the 
front and back pieces grooved as at b. When such 
joints are made and well set, the glue Uatd ani. 4\'5.j 
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tbe corners may be roundcJ off as shown in tlie 
figure. 

Now as we have, in small work especially, fre- 
quently to talk ahout glueing, let ua see liow it is 
best done. You all know that joints and sections 
are glued together to strengthen thorn and hold 
tliem piece to piece. This ia beat accomplished by 
putting on a layer of glue of the least possible thick- 
ness, and when the joints have the glue neatly 
smeared on them, and the parts to he joined 




Fio. B8. — Tongucd and grooTed joint tor smali noib. 



squeezed hard together in a screw-press or vice, — if 
the work admits of it, — all the glue squeezed out 
should be carefully wiped away. Glue should be 
put on quite hot, and in cold weather the joint to 
which it ia applied should be warmed, if it can he 
done without warping the stuff. It is said that the 
best kind of glue-brush can be made from a piece of 
rattan cane deprived of its outer crust, then dipped 
into boiling water and well hammered out to separate 
the fibres; it is certainly duriihle and cheap, and 
its stiffness enables you to apply the glue very 



^ 



In making modek in tliiu wood, eitlier in deal or 
in the cedar wood of tlje cigar-boxes we have men- 
tioned, you must first draw out your model to size, 
then you must cut out the various parts of it in thick 




69.— Wlieelbarr^w. 



I brown paper or cardboard, and from this trace the 
[ pattern on the wood to he cut. 

Let us take one instance. Suppose you want to 

make a model of a wheelbarrow for a toy or an 

j ornament. Sketch it first as in Fig, 69, then cut a 

I piece of paper the size and shape of the edges, either 

L with or without handles, which -we NsiW. csK\. ^vaa^.'V. 
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Then these mnst be joined to the back and iiont. 
You must be careful that these pieces are cut bo 

that they exactly fit. Then a piece for the bottom 
of the barrow, then the two pieces for the feet, 
which should be thicker at the bottom than at the 
tup, where they are to clasp the sides tightly, so that 
tlie body of the barrow rests in the projection of the 
lower piece. Tiien yon have the wheel and axle. 
Take care to cut the wheel quite round, aud a 
square hole iu its centre through which the axle is 
to pass; bevel off the edges of the axle with a 
spobeshave (Fig. 70) so that it may look light aod 
yet be strong enough to be in character with the 
rest of the atrticture. 



Fia 70.— Spokeshave. 

In cutting thio wood, which we have supposed here 
not to bo more than f or -j^ inch in thickness, you 
must be very careful not to split it; it must there- 
fore be cut with a fine sharp saw or with a penknife. 
If you cut the sides with a saw, hold the two pieces 
together in a vice screwed on to the end of your 
bench or table, then you can cut the two together. 
You will then be suie of them being the same size. 

The vice will be a great help to you in addition to 
the bench-screw we mentioned on page 42, because 
you get a secure grip with it in positior 
bench-screw is not practicable. In Fig. 
such a vice. When you have to ■ 
wood such as you will require for use in model- 
making, yoa must put two aU^ oS lead, s 
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I or layers of pasteboard between the chaps of the vice, 
■r when you screw up the wood tightly the roughened 
I feces of the jawa will leave an impression on the 
I wood. If you wish to increase your tools still further, 
i get a wooden vice with jaws 6 inches wide j this is 
I very useful for holding light work when firmness ia 
required. 

Now to go back to the wheelbarrow. You have 

I all the pieces ready to put together ; try them, and 

atisfy yourself that they will fit well. Carefully 




prepare some thin glue, and put on to each part, and 

put it together. Fix it in your bench-screw in such 

a manner that it does not shift till it is quite dry. 

Then put on the legs and the wheel. The wheel had 

. better be fixed with two stout brass pins for the axle. 

I Ton can ornament the model in any way to suit your 

■ taste by a few brass tacks, or you can polish or varnish 

I the woodwork. We need not go through in detail 

r any other such model, for you proceed in a similar 

I way in producing any of them. They require caie 

kand neatness, and you will soon be pleased with the 

f Wsulta of your application. You wAV g,avQ (^\Os-\ift?a 
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■in yoav work, and a more masterly manner in 
handling your tools. 

A glance at the windows of a good toy-shop will 
Buggest many things tliat you can make in the 
model line. There is the "mail cart," which is so 
frequently used now instead of the perambulator. 
You can make a model of it. The body of the 
cart will give you a good exorcise in light work, 
where you have open work instead of plain sides. 
Cut staves of an even size of J inch stuff, put them 
together neatly with glue or brass pins, fix them to 
the bottom, put in cross-pieces on which to support 
the seats, which will also answer the purpose of 
strengthening your cart. As to the wheels, you 
can either buy a pair of a suitable size, make them 
of ooo solid piece as io the barrow- wheel, or 
patiently work at a hub and spokes, cutting out 
the sections neatly, first laying down on paper the 
sizes of each, and cutting your wood according to 
pattern. A strip of thin iron will form the tyre of 
the wheel, or if india-rubber be preferred, take an 
ordinary elastic ring of the proper size. 

You have now in these directions got tlie key to 
the construction of many amusing and interesting 
toys. There is nothing children like better than a 
cart, or something they can load up and drag about 
from place to place. You can fit up a small cart or 
waggon for the little loads your small brothers and 
sisters like to make up "for fun," or you can make 
a conveyance on two or four wheels, large enough 
and strong enough to carry any of them about the 

garden, or along the smooth pavement of the street. 

We will not say you can maVe an-j'ilMa'j, &afc'Ha\ild 
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carry them comfortably along the rough road, for 
that would require the use of springs — this is 
beyond us at the present. An ordinary strong box 
screwed on to an iron axle, to which a pair of 
perambulator wheels may be fitted, will make a very 



^ 





respectable cart, which may be painted or varnished, 
padded or cushioned, according to taste or require- 
inenta. To this you can fix a pair of strong shafts 
of plain or shaped wood; tough wood should be 
ised, for if of plain deal they are liable to split or 
map with a sudden twist. 
A amall v/a^gou can be made out o^ a. \iq"£., ot ■^taxi. 
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can cut some pieces of wood to the size you 
Shape them much in the same way as directed for 
the wheel-barrow, nail them together with small 
brads, and then jcin to a bottom-piece. Then cut 
four wheels, which can either be put on the ends of 
wooden axles, or a screw may pass through the centre 
of each, and they can be fastened directly to the 
body of the waggon. 

To make it still more elaborate, as in Fig. 72, you 
can make the front axle movable about a centre, and 
with smaller wheels, so that when the vehicle is turned 
round, these wheels run under it. The level between 
the larger and smaller wheels is here compensated for 
by the front axle being made thicker than the fixed 
oue at the back. It may be fixed to the waggon by a 
screw, the smooth part of which forma the shaft on 
which the axle is to turn, the screw part being fixed 
into the bottom of the vehicle. A handle may be 
fixed for drawing it along, or a pin may be put into 
the V-shaped piece in front for that purpose. Thia J 
will be a strong serviceable toy of which many 
youngsters would be very glad. 

Many other strong and durable toys made on tha 
same piinciples will suggest themselves to our 
readers. 

A doll's house is a good thing to set up. The 
outside is made iu the ordinary box fashion; the 
furniture for the iuside requires some ingenuity and 
care, hut there is nothing difficult in making the 
small articles of furniture like tables, chairs, couches, 
beds, and cupboards. You can select your modeb 
from the penny toys of chairs, tables, and such articles 
which are quite suitable ioi t\w.a ^ut^se. 
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All tliese items can be made in the wood from 
Tj-boses, as we mentioned, or in deai about the 
same tltickness. Most of the parts can be cut with a 
penknife, and put together with carefully made glue. 



% 



BDILDINQ BRICKS. 



Another very interesting set of toys you can make 
for the younger members of your family, is a set of 
building bricks and blocks. For this purpose, plane 
up several lengths of wood, 3 inch by j inch, and cut 
them off in lengths of 2 inches. Cut off any number 
you please, from 200 to 400. These are for whole 
bricks. Then cut off about 100 of 1 inch long. 
These arc for half bricks. Then you want sorpe 
smooth pieces of the same thickness to form the 
foundation of your building; and to bridge over 
windows and doors, cut about 30 or 40 pieces, some 
4 inches, others 6 inches and 8 inches respectively ; 
some triangular pieces for the gable-ends of the 
house ; and some long, lighter pieces, according to 
the length of the house to be built, for rafters. The 
roof can either be made with card cut out in the 
imitation of slates, or light pieces of wood, to the 
under upper edge of each a tiny block must bo 
glued, so as to give it support on the rafters. The 
lower ridge must first be laid, then the second, and 
so on; the top ridge must be made of V-shaped 
pieces, the angle of which is to be placed uppermost, 
'oors and windows can be made, and fixed in small 
bmes to be put in the proper places in the brick- 
The doors can be made in panels, or can be 
a plain piece of wood on which the panels are 
ly lined out The windows can "be m&4.ft (i1 ^«t. 
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squares, over wMcli cardboard sashes are pasted, or 
the frames caa be made ia wood, and the squares of 
glass inserted. All these points of detail can be 
carried out according to the taste and the time you 
have at your disposal. 

From our own expeiience a set of building bricks 
has formed one of the most lasting and instructive 
toys in use. 

Blocks may be cut to build arches, bridges, and 
ornamental buildings, to any design or size. 

When completed, make a box that will just 
contain all the pieces belonging to one set. 

TO MAKE A EEADING-DBSK OH MUSIC-STAND. 

For this purpose you require some strips of wood 
about 1 inch wide, and ^ of an inch in thickness. 
These you can cut for yourself by ripping up some 
thicker wood into ^ inch thicknesses, and of the re- 
quired width ; this extra thickness must be allowed 
for planing to be done afterwards. Plane them up 
carefully. Now put them together so that they 
form a frame consisting of three uprights and three 
cross-pieces, as in Fig. 73. Take a chisel and take 
off the corners ; rub them well dow n w ith glass-paper, 
so that their surfaces may be nicely smooth. To put 
them together, place them on a table or a flat 
surface, and measure off the dihtanres they must he 
from each other. Carefully hoi e holes big enough for 
nine | inch screws, with which they must be fastened 
together. Into the central bar two screws must be 
put at each joint if you require it to be rigid ; only 
one screw if you require it to shut down into a small 
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Now there must be a rest for the book, which 
Bust be screwed to the under edge of the frame. 
i6t this be a trifle thicker than those you have used 
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\ for the frame of the desk. Next screw it on ivi 
I the back at right angles to the frame by pntti 
I three screws — one in the centre, and ona -ttfeaiVj B.\i 






100 HOW TO MAKE COMMON THINGS. 

each end, Rouad the ends off. Now jou must 
prepare a piece to act as a foot at the back. You 
will require for this a small brass hinge ; one lap to 
be screwed to the leg. the other to the frame. With 
the chisel, bevel off the lower end, so that the whole 
foot stamla level with the stand. You can buy two 
hooka or fingers for the outer edge, to keep open 
boobs, or to hold papers put on it, and the whole 
thing will be the better for staining, vnmishing, and 
polishing. By a simple contrivance it may be mode 
to lis on the stand. 

For these smaller things you must use a fine saw, 
sharp chisels, and do not use brad-awla and gimlets 
too big for the screw-Lole, or the screws will fit 
loosely, and all your work will be loose and rickety. 
Finish off your work nicety; get the surface very 
smooth before yon polish or varnish it. 



BOX FOR WINDOW GARDENINO. 
Zinc troughs make tlie most durable boxes for the 
cultivation of plants in window gardening, but 
flowers are frequently cultivated in boxes made of 
wood, and to make one of these we now give 
directions. Take the length and breadth of the 
window-sill to which you require to adapt your box. 
Give it a depth of from 6 to 8 inches. Take 
J inch stuff; there is no occasion to plane the wood 
that is to go inside, but the outside is better for 
planing. Nail the pieces together to form your 
box ; then the front and ends can be covered with 
ornamented tilea or with rustic work, or with a 
pattern stencilled in vatioua shades of oak-stain, 



irhich can be aftcrwari.l3 varaislied. To cover it 
' with rustic work you require some dried branches 
about 1 inch in diameter for the outer work, and 
leas than that for the iuner work. Several designs 
may be adopted, but that shoivn in Fig. 7i is by no 
means a bad ouo, and ia easily carried out. 

First divide the front of the box into five equal 
portions; find the centres of each of these, then 
spHt carefully the branches to he nailed on, having 
previously cut them off into proper lengths, using 
the thicker ones for the outsides. Nail them on as 
shown in Fig. 74, then nail some narrower lengths 
in the same way inside, and then another row of 




still smaller. Then for filling in these spaces, split 
a number of branches and nail them within the 
diamond -shaped space, each piece upright, close 
togetlier side by side. The design, if nicely carried 
out, is very neat and effective, and the front of the 
box will thus have three panels, in the centre of 
which a fir apple or rough knot can be placed. 
Then the whole can be varnished. We have supposed 
in this case that the bark has not been removed 
from the branches used. Such a box may also be 
fitted on riiatic legs and used as a flower-stand 
for indoor purposes. In either case the box may 
be covered with "virgin cork," in the absence of 
branclie.? of wood, and may be made e^ua'i'j e.^v^t'Cvift, 
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In using the nood also, the design can be varied 
in many ways from that we have given, and be 
equally ornamental. A rustic pedestal for flower- 
pots may be made suitable for any niche or comer, 
constructed on the principle we have suggested. 
"Oak-wrongs," as they are called, can frequently 
be boiiglit of gardeners, and may be ingeniously 
workeil up together to form not only a very sub- 
stantial but very ornamental piece of work. In 
tlie case of oak it is better to clear off the bark 
before making up. Cork has been largely used of 
late for omamcnta! rustic work, and it is very efl^ective 
if tastefully employed, for arches, ferneries, and 
ornamental gardening. It can be nicely blended 
in with rockery, and can be used outside as well as 
inside a greenhouse. 

An additional ornament to a fernery or a green- 
house rockery is a miniature fountain. This can 
easily be managed by bringing a pipe — small compo- 
tubing will do — from a cistern, which may be a tub 
or zinc-lined box, in the absence of the proper 
galvanized cistern. This must.be situated somewhat 
higher than the jet forming the fountain is supposed 
to play. For you can see this is only an application 
of the principle that "all liquids maintain their 
level." If therefore your cistern is 8 feet above the 
floor of your greenhouse, the fountain issuing from 
it will tend to rise to the same height. It will not, 
however, reach quite the same height, but be some- 
what lower, owing to the pressure of the air the 
jet of water will meet with in its straggle to rise. 
The smoother the pipe through which the water 
t to Bow the higher wiU. ttie -wa-tes tisR. "^ 'dob . 
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same principle a fountain may be contrived in i 

room. The cistern may be outside, and the tubal 
from it brought in, under or between the floora i 
Tiie basin into which it plays must have a waste-pipe, I 
so that when a certain level is reached, the rest of 1 
the water may run away. A little ingenuity on your 
part will provide all tliese things successfully, 

A miniature waterfall may be contrived on the 
same principles ; but iiiste^td of a jet, the water must 
flow into a shallow trough, which can be made of 
some strips of slate or glass cemented together. The 
edge over which the water has to flow must not bo 4 
quite so deep as the other. Of course a waste-pipe \ 
must be provided to carry off the superfluoiis water, 
and a channel for the water must be made of some 
-waterproof material, so that the water does not get 
about everywhere. Fountain jets and devices can 
be bought at many plumbers, or jets can be made 
in glass, aa mentioned in our chapter where glass- 
blowing comes in, 

Tn this chapter wc have given instructions relative 
to many things, but we think not too many, and 
in those we have given are suggestions for many 
more. We do not purpose going into directions for 
lathe-work; it would lead us into a wider field than 
■ihis book aims at, and there are many books which 
■give full directions for this class of work. A few 
hours spent in a workshop with an instructor will 
jBOOn give you an insight into turning, which is a 
yery fascinating and beautiful work ; and if you have 
■stsy desire to be a good amateur workman, you will 
,jget all the practice you can at the " turning machine." 
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CHAPTER Vlir. 

INDOOR WORK (continued). 

Veut neat, pretty, and artistic work may be done 
by making plain, simple objects, and working on 
them a pattern by means of sfaio in various tints, 
and afterwards varnishing or polisbing the objects. 



A PEN-TRAT. 
Take a thin slip of wood, from 8 to 10 inches long, 
and about one-fourth iis wide ; plane it up as smooth 
as you can. Now put a slip of wood round the e 




Fia. 75.-Fe:i-f.r!iy. 

for a rim, about J- of an inch wide, and of the a 
depth. Round off the upper rim. Wo just remind 
you this may be put on with gUto, or fastened by a 
few brads coming through from the under side. 
Smooth down the whole, and rub with fine glass- 
paper. In tiio centre put such a device as given 
in F'lff. 75. This is done by cutting the \iattern out 



L a sheet of stiff brown paper or carJboanl — tfie 
pattern being the portion removed — tben nibbing 
through the pattern the brown stain we have already 
introduced. Lift off the the pattern carefully, and 
allow the stain to dry. Then varnish it. The 
pattern, if used carefully, will do for several otlier 
objects where the same device is required. This 
means of reproducing patterns, which are called 
stonciJlings, is a very useful one, and, as you will 
see, admits of a very wide application. You can buy 
patterns for larger work cut in zinc. 

Instead of using the stain, you can substitute 
Aspinall's enamel; several colours are useful for this 
purpose. 

A PAPER-KNIFE. 

Take for this a nice slip of cedar wood, or 
white pine, suppose we say 9 inches long and 1 



Fia. 78.— Paper-knife. 

^ch wide, about the thickness of the wood in the 
Hgar-boxes mentioned— in fact a slip taken from the 
1 of one will do for the pui-pose. Divide the length 
bto three partes — one-third for the handle, two-thirds 
■ the blade. Mark it off as shown in Fig. 76. 
Wotk down the blade to a sliarp edge on both sides, 
HSo at the point, leaving the centre of the blade as 
Ibick as the handle. Now with stain produce a 
Ittle pattern on both sides of the handle in the 
banner recommended. Allow it to dry, then varnish 
>j)ohsh it. 



A BOOK-SLIDE. 
Cut two ends from pieces of | incli stuff, about 
5 inches wide and 6 inches high. Trace on one of 
the pieces the shape you intend these ends to have. 
Suppose it is like that in Fig. 77. Tiicn place the 
two pieces exactly over each other, and screw them 
into the vice, and saw round the figure drawn. 
For this purpose you require a frame-saw, one we 
have not previously mentioned ; its construction, 
however, explains itself, being merely a fine saw 




blade stretched in a wooden frame. With a large 
gimlet bore two holes, marked x in Fig. 77, and 
a third or a fourth between them till it is lai^e 
enough to admit the blade of the frame-saw. 
Repeat this process and cut the shape of the leaf. 
Smooth the outer edge up with a file, rounding o£F 
so tliat the knife-edge is on the inner side, then 
rub down well with glaas-paper. Work up this 
design of a leaf by filling in the pattern with dark 
stain. If you use ivy leaves, trace in the veins 
afterwards with camel's-hair pencil, using a darker 
stain. jPien let the whole get qp-Vteit^. | 
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Now the slide part has to be made : this is by 
DO means difficult. Take a piece of wood, | an inch 
thick, 14 inches long, find 3^ inches wide. Mark a 
straight line, | of an inch from the edge, all along 
each side ; then with a plane slant off the edge, from 
the drawn line to the outer edge, then endwise the 
slab will appear as in section a. Fig. 77. Now take 
two slips an inch wide, and of the same thickness ; 
"bevel off the inner edge of each, so that when turned 
over, each edge of the slip fits the face of the 
feathered edge of piece a. Lay them in tlie position 
shown in h. Fig. 77; and if they require thinning 
or smoothing, do it now with the smooth in g-plane. 
Now fit two eross-pieces with short screws to the 
outer slips, so that the inner piece will slip easily 
between them, but not loosely. Having fixed this 
carefully, saw the inner slip into two equal lengths. 
Cut them carefully so that very little smoothing is 
afterwards needed ; then across the inner ends screw 
two short pieces, to prevent them from being drawn 
out at the ends. These we show at c. Fig. 77. At 
the outer ends put two similar pieces, so that the 
"whole is blocked up to the same level. Having 
finished the slide, get a pair of small brass hinges 
for each end, and screw them on to the inner lower 
edge of the slide itself. Polish or varnish it, and 
you have a strong book-slide, to carry fifteen or 
.twenty books, and no mean ornament to your library- 
stable. 

STANDS FOR FLOWER-POTS. 



I 

4 



. very simple yefc useful etand ■ma^ \iei S.'a\-w\ii&. 
I slips of wood i inch tintU, iiom ?» Xfi "^ 




inches long, and 2^ to 3 iiiclies wide, mounted on 
blocks at each end, as in Fig. 78, The blocks must 
be nailed. Glue is not serviceable for this purpose, 
because they are liable to get damp, then the glue 
would give way. 

TO MAKE TRAYS. 
For this purpose you must be careful in selecting 
your wood. It should be as wide as the required tray 
without joining. Plane it up very smooth, and put 
a rim round made by slips of wood standing about 
i inch above the surface. A device may omameut 
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the centre, and smaller ones at the corners if you 
think fit. These devices can be patterned as we 
have alreatly mentioned, in ataius of various shades 
or left plain for somebody else to exercise their 
artistic tastes upon, in various colours. 



TO MAKE BRACKETS. 






Corner brackets are variously made. Some are 
merely pieces of wood cut as a shelf to fit a comer, 
with or without more support than nails driven into 
the wall, or lugs screwed to the shelf, and nails 
driven through the holes prepared, into the wall; or 
they may be made very ornamental and tasteful, 
according to the skill and patience of the workman. 
_ '^■•npoae we want a pUua bracket. TaVc -a -gxaw cS. 
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[ inch white pine ; cut two sides at right angles ; let 
Ihe sides he from 6 inches to 8 inclies deep according 
) size you require. This must be regulated hy the 
Icoraer you have to fill, or the object you have to 
"put on the bracket. Now describe a part of a circle 
in the wood, by opening the compasses on a rule to 
as many inches as you want the depth of your 
bracket to be. Carpenter's compasses are best for 
this sort of thing; they differing by being heavier 
and stronger than those you use for your geometrical 
drawing. They also have a tongue fixed to one ieg, 




lUil top of B 



I which pasies through a slit in the other, and a 
'■screw, so that a given distance can be taken and 
kept secure for any length of time. Of course you 
can do without them, for you can draw your figure 
out on a sheet of paper, cutting it to size and 
shape, from which you can afterwards mark out the 
wood. Now draw out the upright piece for the 
■■central support, .is in a. Fig. 79, where the various 
jortions are shown. The support can be fixed to 
ihe shelf (b) by screws or brads ; or if the shelf is large 
, by French nails. You can stain and 
r before doing so, put a patteto. oo. fc 
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sides of tlie upriglit and under part of tbe shelf, 
according to the instructions already given. 

Sometimes brackets are made with two upright 

pieces, to go flush with the wall and the shelf at the 

top. In this case you must cut two pieces instead of 

both can be cut together by being held in a 





vice, as we have already mentioned. Tiio methods of 
iging the brackets to the wall is generally done 
by screwing small iron or brass plates called " lugs," 
c, to the upper part, and through holes in these 
nails are driven to hold tliem to the wall. 

Sometimes it is desired to have a bracket of more 

than one shelf. We give a design for one of two 

shelves, and of one for three. The designs for such 

s are nnmerous, so that we need only give one 
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of each to show the priociple on which they are 
made. With your skill in drawing and planning, and 
the knowledge you have now gained of manual work, 
you can design and fit up according to your own 
taate aa many as you require. An ornamental 
bracket is a nice object for a present, if you wish to 
make one, or a pair for this purpose. Put your very 
best work into it. Only give presents of your very 
best." 

In Fig. 80 we have supposed that the uprights 
should be of open work ; they look lighter, and give 
you an opportunity of designing something light and 
strong. You must never allow your design to inter- 
fere with strength. In Fig. 80 you have a bracket 
with two sbelvea, and Fig. 81 with three shelves, and 
each with two uprights in open work, which should 
be made from slabs of wood about 5 an inch thick ; 
and if of deal they can be stained and varnished in 
imitation of any bard wood. These patterns admit of 
being made into sets of hanging-shelves as weil as 
comer brackets. In botli these, if made to go flat to 
the wall, a looking-glass may form the back between 
the two lower shelves. 



HANGING-SHELVES. 

With plain or ornamental sides, you see bow 
easy it is to make a set of shallow shelves suit- 
able for holding geological specimens, or shells, or 
samples of bric-a-brac. The strength in each case 
must correspond to the weight it is expected to 
support. 

Light shelves of this description are freajj.en.t.1^ 



nude to stand on tbe top of cabinets, and for this 
porpoGe they sLould be made a little ornamental ; the 
lades being wider below, and also the shelves. From 
what we have already said, we thiidt you can design 
and make a set to suit almost any purpose. 



ARTtSnC TKEATMEST OP WOODWORK. 

In the method of ornamenting wood-work already 
given, you have durability with simplicity. With a 
little skill and care, anotlier method can be adopted, 
and will help you to ornanieat brackets, panels, 
picture- frames, and the covers of blotting-books, 
which may be made in thin slabs of wood having the 
edges rounded off. 

To take a pattern from a fern-leaf, first cover the 
wood with the stain made acconling to the directions 
already given, then press the fern-leaf carefully down 
upon it, the face of the leaf downwards; work it 
down close with the fingers so that every part of the 
leaf cornea in contact. After a minute or so, care- 
fully lift off the leaf; you will then have the full 
impression of the leaf, with its principal veins. The 
veins, being the hollow of the leaf, will not touch the 
Tvood, consequently all the stain will be left there. 
Should the pattern require any touching up after- 
wards, that is easily managed. If carried out properly, 
tliis is an effective way of performing "nature's 
printing." After the stain is quite dry it can be 
varnished, and then there will be no fear of smudging 
the pattern. Very pretty arrangements and designs 

! be carried out by this method, for any pattern 
cut out in paper or cardboard can be treated as the 
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fern-leaf; also any design and floral devices, and 
almost as effectively as if the leaves themselves were 
actually photographed. 

The other method that is equally durable is to 
trace any design in pencil, then with one colour or 
more, it can be traced oa the wood. Suitable boxes 
of colours are sold for this purpose at a cheap rate. 
Ifany of the free-hand drawing copies that are in 
use in our schools just now, offer good examples for 
this kind of work. 



WOOD CARVING. 

Eveiy boy has done a bit of wood carving, but 
probably it has been with his knife. He never pays 
a visit to a strange place but he must cut his initials 
into a tree, or a door, or post; and our public school 
ts bear evidence of a good deal of industry in 
this respect. With a good knife you can do very 
much, but you cannot do all, though we sometimes 
see specimens of wonderful work done with a "pen- 
knife only." If, however, you can get more suitable 
tools to help you, you are quite justified in doing so. 
Tou will be able to do your work quicker and better. 
We do not give a list of all the tools wanted for 
carrying out this work very successfully, for you may 
probably have to be content with less than " a set." 

Tou must, however, have one or two narrow 
chisels, and one or two gouges of different sizes. 
Take the advice of somebody who knows about tools, 
when you are buying, because although use is the 
best test of quality, an experienced worker has more 
^dgment of a good and suitable tool tkau ■^o'o. -^iLVt 
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yourself Lave. Carving tools if too long are awkward 
to handle, yet if jou have them too short yon cannot 
get a nice graceful curve. Agaia, they should have no 
hends or uneven thicknc-sa in tlieir shafts, or wheu 
they get a smart blow from a mallet, they are likely 
to snap off; the edge too of a badly tempered tool 
will snap off if it comes across the grain of a piece of 
hard wood. A person of expeiience is a good jutlge 
of the temper of steel by its colour. By use of the 
tools you will soon get to understand both their 
qualities and merits. 

In addition to chisels you must have a mallet, for 
although the blow of the hand is frequently enough 
for the chisel, yet for deeper cuts a mallet is required. 

Now for a few remarks about the wood. All woods 
for carving should be dry, but not too old, or it will 
be brittle ; it should also be free from knots ; and do 
not take sap-wood. Pear-wood is a nice soft .wood to 
work in, also lime ; these woods may afterwards be 
stained to look like a bard wood. Walout and plane 
are good, but for large surfaces nothing is so good as 
oak. If you have any very delicate design to carry 
out, boxwood, ebony, or some closely grtuned wood 
must be used. Take some simple pattern for your 
first work — the handle of a paper-knife, or the end of 
a book -slide, such as described in the earlier part of 
this chapter. Select your design, or make one for 
yourself. Suppose you take the end of the book- 
slide, tike such a pattern as that in Fig. 82, in which 
you have a leaf. Vine or ivy, whichever you think 
best. You can get a natural loaf, or twine two to- 
gether; place them on a sheet of paper, trace the 
outline b/ running a pencil round the leaves, then 
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I them in with veins. Now get the end of book- 
tslide cut out; mb its upper surface with whiting or 
^liailc Then fake a piece of white paper lai'ge enough 
3 cover it; rub one side with charcoal; place this 
I next the chalked siJe. Then place, over it the dcsijjn 
I you wish to carve, and with a sharp point such as a 
I long French nad, or skmer, trace tlie outhne, beai-ing 
I liard on it as you go along When completed hft off 
Jyour design and black paper, and you wdl find the 
IxjutUne on tlie chalked surface of the wood. Now 
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l-with a soft dirk peacd outhne it agam , your dra\\ing 
wtm the wood will then remain as a guide for you. 
LWe have frequently visited classes where the most 
aeautiful carving was being done, yet the pupils were 
i|Bot able to draw. The difficulty was overcome by 
■the teacher supplying the designs already done on 
^])aper. 

igns are sold bound up in books, and what is 
I called "carbon paper" for transferring the designs 
^s also sold with them. The method, however, we 
■Iiave mentioned answers quite well. To take mould- 
ings or an_y special shapes, you \iaA \iftVia'c "mS. 'Cassm. 
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in cardboard ; then trace them out on the wood. Now 
fix the wood on which you have drawn the pattern on 
the bench ready for working. Then take a chisel of 
suitable size ; hold it upright and very firmly in your 
left hand, and strike the head of the handle with 
your right hand ; or if the cut is to be deep, use a 
mallet. Go round the whole design like that, till you 
get the outline ; then with a gouge or chisel, take oat 
the wood between the edges of the leaf and rim of 
the outer border down to one sunken level. Then " 
with a small chisel take off the outer rim, reducing 
the wood to same leveL Then with a larger gouge 
round off the edges of the outer rim. Then commence 
on the leaves, beginning at the thickest part of the 
central vein, lifting out the deeper parts, rounding 
them up to the more raised parts. Then take the 
smaller sections of the leaves, beginning at the deeper 
part of the veins that branch off from the central 
vein, scooping out the hollow parts with small 
gouges. Keep the natural leaf in front of you, and 
imitate it as nearly as you can. 

Alter the direction of your tool, and the manner 
of working ; cut away only small parts at a time, till 
by patience and work you bring out not only the 
right shape in outline, but in surface. Trace a 
diaper pattern on the end of the hookslide, this 
you may find easier to carve than Fig, 82. Then 
try the handle of a paper-knife — such an one as we 
mentioned at the beginning of the chapter. Work 
round the rim of the handle first, then raise a boss in 
the centre, with two small ones above and below; 
the roughened groundwork (as in Fig. 83) may be 
TTodaced with a broken bradaw\. 



WOOD CARVING. 

Suppose you have an oak panel, or end of I: 
lide (Fig. 81), you proceed miicli in the same way. 
Secure your pattern, transfer it, tlien make your 
outline by cutting round the pattern to the depth of 
about Ath of an inch, then "blocking out" — i. e. taking 
»way all the superfluous wood, then finishing the 
letaila of work step by step. You may find some 





assistance from the file before using glass-paper to 1 
take off some of the more prominent edges. 

You may easily find some suitable designs for ' 
brackets, tops of boxes, panels for cupboards, and 
frames for small pictures and looking-glasses. 

In doing a frame from a solid piece of wood you 
must be careful in your selection of wood. Place it 
flat on lie bench, and mark the outside and inside 
dimensions. Then proceed to cut it out; cut the 
3iit«ide first. To cut away the inside, you must 
lore a hole large enough to get t^ie aaw m, a&ft. "CGKa. | 



take out the wood, not quite close to the inside line, 
but leavo a little margin for auy trimming off. "We 
append one or two designs for such frames (Figs. 
85, 86) ; in regard to the carving, do not cut it 
down more than about ^'^th of an inch. It will be a 
great Lelp, if you are interested in tliis class of work, 
to study a few good specimens, which yon are sore 
to see in some good furniture shops of the present 
day; the more elahonite of course you can see in 
museums, If any of you have a cbance, go to South 





Kensington Museum ; you will eee some of the very 
finest specimena. 

You will have to keep a very good edge on your 
tools for carving work. This will require some care. 
It is only the thicker edge of the tool that can be 
taken off with the grindstone; this you should use 
with water on it, so that the tool does not get hot 
The finer edges are obtained by rubbing them on 
slips of oilstone, which wdl gradually rub down and 
£t the inner edges of the tooW "^oii TOTOmeuce with 



the coarser kind, and finish with the finer. Last of 1 
all, strop the edges on a strip of buff leather saturated I 
with tallow, and a preparation from tin, called | 
" crocus powder." The oil preferred is oixlinary 1 
niMhine oil mixed with petroleum. 



INLAID rATTERNS. 
You can manage the inlaying of simple geometrical 1 
lattems, and find it even easier than carving. First, I 
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Fia. BJ.-Simple iiilaid patfcruH, a, b, e. 

the patterns must be cut out into a hollow, not ! 
more however than fiom^th to ^th of an inch. Cut \ 
it out holding the chisel upright in your left hand, 
then use force with the right hand. Having cut out | 
the pattern, clear away the wood, and keep the 
hollow a uniform level, Tlien cut strips of darker 
wood, oF the exact width, to fill up tViese V(^(i'«?,. "Sx^"?. 
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tbem in, using very thin glue for ihe purpose, and 
when qaite dry rub down smooth with glass-paper. 
This kind of work is suitable for trays, small tables, 
topa of bracket-shelves, and ornamental objects. Yon 
«iD derive hints from a few designs we give in Fig. 
87, a, b, c. A pretty effect is produced by using 
wood of two or three tints, if you take care to blend 
them nicely. For other designs and uses we leave 
to suggest themselves to you. Woods used for 
carving or inlaid work is sometimes better for beinc 
dyed or stained ; but with oak and some of the hard 
woods this is not required, nor is it necessary to 
varnish either; rubbed up quite smooth, and good 
rubbing in of linseed-oil is the best thing for it. 
Ebony, black walnut, and red cedar are good woods 
for inlaying. 

FBETWORK. 

This is a very pretty and useful kind of ornamentfll 
work, and it is frequently combined with carving, 
AS in the bracket Fig. 88, The tools for fretwork 
specially are not many, nor are they expensive. 
Cedar, mahogany, and wliite holly are good woods 
for this work; they all saw easily. Wood can be 
bought specially prepared for fret-cutting, made up 
of different layers glued together, the grain of each 
layer going iu a different direction to prevent split- 
ting. Having got your wood, the next thing is the 
design, wliicli must be according to the object you 
have in hand. This class of work admits of a large 
and very varied application. It can be used for 
panels, sides and backs of brackets, reading- and 
maaic-deska, rims round the uf^et or lov^er edges 
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of shelves, cabinets, frames for pliotdgraphs and 
small pictures, and rims for card-trays and other 
ornaments. 

Draw a design of your work oa thin paper; paste 
it on to the wood, or transfer it by the method we 
mentioned in the directions for carving. The various 
holes must be bored or drilled^the latter is preferable 
— through which you can pass the saw. Next put the 
wood into a clamp that will hold it steady while it 
is being cut. There is a great variety of fretwork 




saws, so that we must leave you to select according 
to the money you have at your disposal, fur sets can 
be had at Is. 6c?., while some go up to £5 or £6. We 
will, however, suppose that you are working with an 
ordinary saw, having a metal bow something Rke the 
letter P, the saw stretching across the bowed end of 
the letter. You unscrew one end of the saw, pass it 
through the hole bored for it, screw it up again, then 
commence sawing. Hold it to your pattern, make 
(hort gentle strokes, keep it at right angles to your 
mod, then joa will get your -wovV ^eao. raA 
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accurate, and very liltle cleaning up will afterwwila 
be required. Having got through one portion, tlie 
saw must be again unscrewed, taken out, put into 
another part of the work, screwed up, and so on till 
the whole is completed. Never use a design that 
omits to leave strong enough portions between its 
parts to hold the whole together. Where a large 
panel has to be cut, it frequently must be done in 
parts ; then comes the difficulty of putting it together 
accurately. This is best done by putting the whole 
together on a duphcate of the original pattern. In 
putting a frame round it, see that no parts get 
shifted. In fitting up a bracket on fretwork 
supports, it will be better to use wood of not less 
than J inch in thickness. 

In fitting frames to bold fretwork together, you 
will have to use the nijtre-box and board, as recom- 
mended in picture-frame making. In putting them 
together with glue, do not be too impatient to move 
them, for till the joints get perfectly dry they are 
easily misplaced, and will give more trouble to replace 
than they did to put together for the first time. 

In all the work given in this chapter, your success 
depends very much on your taking pains, and this 
can only be done by your being patient. This 
especially applies to your carving. Do not scoop 
out too large pieces of wood at one time, but get 
your design into form very gradually, and you will 
be repaid for all yuur patience. 
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CHAPTEK IX. 

HOW TO MAKE PICTlIItE- FRAMES. 

This is a lighter kind of work, but requires great 
care and neatness in cutting your wood, so that tlie 
corners of the frame fit well ; and you must have 
Bome practice at this on ordinary plain wood before 
you cut up any good mouldings. 

Mouldings of all the best patterns can be bought 
cheaply at so much per foot ; and the kind of mould- 
ing you get must bo dctonnined by the kind of 
picture you are going to frame. 

Frame-making is interesting work, and we ara 
sure you will like it, and to make a good frame is 
a very ci^editable piece of work. 

No more tools are necessary than those you have 
already. You must, however, make a mitre-box 
or board, and a " shooting "-board, for only by use 
of these will you get your frames square at the 
comers. 

The mitre-box or board is simply an arrangement 
for guiding the saw, so that you can accurately cut 
off a pieco of wood at an angle of i5°, and when 
two such pieces are brought tog,e\,\iet \Iwe^ wi'D^s.'i 
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an angle of 90°, a right or square angle. Take a 
small picture-frame for a guide. You will see the 
pieces forming the corners are each cut at 45° ; tbia 
is called " mitring," and when the two sides are 
brought together and joined, it ia said to be "mitred." 
The mitre-box consists of a shallow trough, having 
parallel sides, as in Fig. 89, in which a shows the 
plan and e the end, mode of stout planking, 1 inch 
or 1| inches thick, about 15 inches long, 6 inchea 
wide, and 3 inches deep. Next draw a hne across the 
two top edges of the sides, making an angle of 45' 
with the side of the box ; continue the line down 
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the sides, then make a clean cut with a tenou-siiw 
across the bos down the two aides as far as the 
bottom of the box. Make two such cuta as these 
fiiciug both ends of the box ; this saves the trouble 
of moving round the box during its use. 

A mitre-board is made by taking a stout board 
about 15 inches long, and 8 or 9 inchea wide, nailing 
a strong piece along the first edge, projecting down- 
wards about I3 inchea to 2 inches, to hold it flush 
with the edge of your table or work-bench. Then 
along the further edge nail a slab of wood about 
2 inches thick, so that it occa'^w* ft\a ■^\\.\oa «£ h 
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?ig. 90, where a. represents the slab in which the 
Ir-cuts ft 6 are made, and e one of the supports, 
and d represents the end of the same. Through this 
make saw-cuts, right- and loft-handed, at an angle 
of i5°, and extending into the slab at the foot. Now 
in using either of these, the box or the hoard, you 
see if you hold firmly a piece of wood close to one 
side or the other while the end is being sawn, wben 
cut the end will have an angle of 45°; and if this 
is cut in the left-handed cut, its end will exactly fit 
a piece cut in the right-handed sht. Now try it. 
Take two slips of wood, smoothed up, and cut the 



FiQ. IH). — Mitre-board in jiUn and sectioi 



ends by using the mitre-board or box ; bring a left- 
banded end to a right-handed piece, and if you have 
made your cuts carefully, they will come end to end, 
and thus form a right angle. Test it by drawing a 
right angle on a sheet of paper, and put down your 
pieces end to end, and see if they are right. 

Now make the shooting-board — *. e. one to be used 
with no more formidable a weapon than a shooting- 
plane, or your jack-plane. This is easier managed 
than the mitre-bos. 

You must have two flat pieces of wood — they should 
be hard wood — about 18 inches long ■, one oi Vi."Yw^ei 



^ 
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and the other of 6 inches wide. The edge of tha 
larger slab muat be screwed on to the narrower 
piece, and about 2 inches over its edge. Let them 
be so screwed that their edges are parallel Now 
under the edge oi the wider slab, a second piece of 
wood of the same tliicknoss as the narrower, but 
from 1^ to 2 inches wide, nuist be screwed, ao 
that this edge ia blocked up to tiie level of the 
other. 

Fig. 91 shows a plan of this shooting- board with 
the method of using the plane. 
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Now two other stout pieces of hard wood, 
1| inches wide and 1 inch thick, are to be carefully 
planed up, and nailed, or better screwed, to the upper 
slab, so that they make an angJe of 90", and come 
up flush with the edge of the board, while on the 
slip the shoo ting- plane is to travel. When in i 
the slip of wood or moulding to be mitred is ta I 
be held tightly to one of the guide-pieces forming J 
the sides of the angle, and the plane "shot" along I 
the edge. The end will then be smoothed off a 
curatelj to 45°. It is aiiaiat \a "Oatt -oaVw-V 
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in ita conatniction, except ttat the triangle is 
Bcrewed to the upper surface, as shown in the 
figure. 

Planing the mitre off true aud smooth is called 
"shooting." The jack-plane, and not the smoothing- 
plane, wili suit you best for this worlt, as in Fig. 91. 
You must hold it firmly, so that by no means the 
edge of the guide-piece is cut. 

Having got these two appliances, try and use 
them by foilowiug out the directions we now give, 
which will apply to an ordinary plain wooden frame, 
OS an experiment ; and if you succeed well with this, 
then you can get a supply of moulding for better 
work. Take a lath of ordinary wood, long enough 
to make a frame 9 inches by 7 inches, say f inch 
wide and | inch thick. First cut off two lengths, 
9g inches long, and two lengths Tg inches long; these 
are for the four sides, and the | inch over is for 
material that will probably be taken up in fitting 
the corners. Take each piece sopai-ately, in the 
mitre-bos or on the mitre-board, and cut the ends 
at the angle of 45° ; although cut with a fine saw, 
the ends will be I'ather rough. They must next, 
therefore, be operated on at the mitreing board, that 
the ends may be " shot." The plane must be very 
sharp for this operation to avoid splitting or tearing 
the wood. Ifyou have succeeded in these operations, 
you will find the ends to fit exceedingly well; try 
them by laying them in their proper positions on the 
bench or table. Test the angles, and do not attempt 
to go any further unless they give you four right 
iglcs. If you have to go through the process again, 
I even a third time, do so, rat\ie'[ \.\\a.vi 'W t'svi.'wei*! 
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Willi bad work. You know tlie old adage, " practice 
makoa perfect." 

Hafing succeeded thus far, the pieces must be 
put together. For this purpose be very careful to 
have your glue clear and thin. While this is pre- 
paring, fix oue of the long lengths into your vice, 
covering over the jaws some thick cardboard, or a 
slab of wood, so that the frame is not marked. Now 
in your left hand hold one of the short pieces; bring 
the edge in contact with that to which it is to be 
glued. You can best do this by having tbe inner 
edge of the long side away from you in the vice. 
When the euda are in coutact, bore a hole with a 
small bradawl, through the angle of the short end 
into the end of that in the vice. Place an inch brad 
in the end of the short piece ready for striking into 
position; now smear over one end a thin layer of 
glue, and bring the ends together, tapping the brad 
till it ia driven home. Do this carefully, so that the 
ends come together exactly in the required position. 
You will now liave an L piece ; lift it carefully out 
of the vice, and lay it aside to dry. Join together the 
other two pieces in the same way, and let that joint 
dry. Then join together the two L pieces, and you 
will have the frame, the corners of which should he 
right angles. It is better to fit one L piece in the 
vice while fitting the other to it. Let the glue be 
quite hot, and perform the operation as quickly as 
possible. 

Another plan sometimes adopted for joining up 
frames, is to have four corner-blocks made, which you 
can do for yourselves, by taking some 2-inch pieces 
of 4 inches long, joining t\\eta\>'j ft 
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^W^ing care tliat eacli piece forma a right angle. 

^~With four such pieces as these, you can, after putting 
glue OD to the ends of the frame, squeeze them 
together by means of the blocks, binding them with 
twine, and tightening these by thrusting pieces of 
wood between the string and the frame, and keeping 
the whole in this condition till quite dry. Ton may 
perhaps find this a simpler method, and we beheve 
that seta of blocks can be bought for the purpose, 
mch as shown in Fig, 92, aa can also the mitre-box 




board, if you prefer buying them to 
We will suppose now 
you have succeeded with the plain frame, for which 
we gave instructions, you will now hke to try your 
skill at a regular frame. Tlie mouldings sold are 
of different widths as well as of different material, 
Tou have the gilt, oak, walnut, and maple among 
the commonest. Just at this time, the oak, with a 
t moulding, is the favourite. 
you are going to cut off some fc\ ^!5\« 



r 



130 HOW TO MAKE COMMOX THINGS. 

frame- Ton must first mark it off, remembering 
that "right" size is the inner measarement of the 
irame, and the rebate size is the size of the part into 
which the glass fits. You will do well to refer to 
Fig. 93, Take the length, ^ inch more than is 
needed, for the reason we have already mentioned. 
Cut it off in the mitre- bos; take care you hold it 
tightly. That will give you your first mitre, which 
we will suppose you cut in the left-handed slit. Now 
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Fia. 03.— Moulding used tor Frame. 
a. ia oalled the rebate ; b. the sight edge ; e. the back at ontaidc etlge. 

cut the next in the right-handed slit, and proceed 
step by step as haa been already described. 

Remember, accuracy is only secured by care. 

Having completed the frame, the nest thing is to 
get a glass. Be careful and select a clear piece, and 
have it cut slightly smaller than the rebate size, so 
that you have no trouble fitting it in, Polish it well 
on both sidea, so that no stain or grease is on the 
surface ; then if the picture is mounted on card, put 
it next the glass. We suppose the mounting has 
been done to leave an effective margin, that it has 
been properly cleaned, and has been set out to 
advaot&ge; this requires e. little care and skill If 
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Cttire is on canvas it must be stretched on a 
To make such a frame, take sorae J inch 
stuff, soft wood, about 2 inches wide ; make a frame, 
the outside of which should fit the inside of your 
picture- frame. Use the ha,lf-lap joint for the comers 

»of such a frame, and put them together with screws. 
To mount the canvas, lay it flat on its face, and 
then put the frame over it, turn back the edges of 
the canvas and tack them with small black tacks 
all round, stretching it evenly as you go along. It 
is better to begin with the two ends of the canvas. 
If the picture is on paper it is also better for being 
mounted on a frame. In this case lay it flat on the 
table, face downwards, slightly damp the back, and 
let it have a little time ; then turn the edges back ; 
cut the corners so that no puckering arises from 
overlapping. Then glue the edges of the frame, to 
which press the edges of the paper, rubbing them 
back with a piece of something smooth, like a pencil 
or a paper-knife. In drying, the picture will contract 
and fit the frame tightly. When dry, put it into 
the outer frame. Before finally fixing it, turn it 

i round to have a look, and satisfy yourself that it is 
put in to the best advantage; then cover with a 
sheet of paper, and put in tlie back. This must be 
made with thin wood, sold for the purpose. Cut the 
dips off the proper length, and let them come close 
together side by side. Hold them in position by 
knocking in a few brads at intervals. When fully 
filled in, it will not be dust-proof. To secure tliis 
you must paste strips of brown paper over the part 
where the portions of the back come together, and 
also round the inner edge ot t\iei iiB.-mft-, Qt\fc'**stj 
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still, cover the whole back with a sheet of good 
brown paper. 

When dry, put in the screw-rings at the two 
sides of the back if the picture must liang slanting 
from the wall, or at the top if it is to hang flat to 
the wall. 

If you have succeeded well, you will be glad to try 
your skill again at picture-framing. 

In making the Oxford cross frame, you had better 
examine how it is cut and put together before 
starting on your work, and you will be able to 
manage it without further directions from iis. Notice 
also how the edges are bevelled off, to give them a 
lighter appearance. 

We liave seen some very pretty frames made in 
the same fashion as the Oxford, but broader, and 
decorated with jiatterns of leaves, put on as 
directed for the ornamenting of wood-work in our 
last chapter. They are very strong, durable, and 
wear well, We have one before us at this time; it 
is fifteen years old, and looks aa well as when first 
made. 

So much depends on taste, that you may design 
several modes of decorating frames that do not 
t themselves to us. 



HOW TO BraD BOOKS AND MUSIC. 
We are not going to make bookbinders of you; 
hut it is useful to be able to put magazine numbers 
together, and music; and we think a few plain 
directions are not out of place in this book, and also 
that most of our amiiteur workers will be glad of 
these (iirectJons. 
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First, we will take a bundle of music. Say you 
have twenty pieces; you want them to form one 
volume. You must remember that it is important 
that a music-book slionld when open lay flat, so that 
in your sewing, the threads must be so aiTanged 
that uothiDg hinders their opening out easily and 
lying flat ou the table or desk. We Iiave some 
volumes now in uso tliat wo hound together more 
til an twenty years ago, and they have been iai 
constant use, and are still in a. very fair conditloi 
First mend all the sheets that are torn, using thin 
white paper and paste ; if any notes of music have to 
be covered use transparent tracing-paper. Clean 
every piece with indiarubber, and carefully smooth 
out all the leaves. 

Treat each piece in the same way; then place 
them in the order in which you wish to bind them. 

Now get two stout boards, somewhat lai^er than 
your numbers to he bound — two drawing-boards 
will do, for they want to be nicely flat, without any 
tendency to warping. Get some wide strong tape ; 
cut off three pieces, each about 6 inches long. The 
numbers have to ho se^vn to these pieces. The best 
way to do it is to tack the pieces of tape to the 
lower board, at such distances that when one piece 
is in the centre, the others are tacked so that they 
will be about 2 inches from top and bottom. 

Such an arrangement we show in Fig. 94, where 
the board is shown at a; the tapes 1, 2, 3, and the 
numbers sewn in at 5 ; and c, the upper board when 
sewing is done. This can be weighted, and 
e papers will he pressed close togetiier. The 
IS done bj strong graj \.\ae.aA. sJa^^^^ 
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through the middle of each number to hold them 
all together; then carry it outside, round the tape, 
into the number, out at the second tape; in again; 
and so with the third tape. Draw them up tightly, 
but not 30 as to crumple any part of the paper, 
banning at the lowest number. Having stitched 
the first as directed, place carefully the nest above it. 
Carry the threo'l through it, and round each of the 
tapes in the ^ame manner, and so on till you have 
stitched together the twenty you require for one 
volume. Then cover over them the second board. 




Ibe upper boarJ. 

bringing it up flush with the back edges and the 
lowest board, BTingthem all up, nice and level, then 
put some weights on the upper board, then the 
backs can be dealt with almost Hke a solid. Now 
get ready some nice thin glue ; a strip of calico, just 
long enough to come an inch beyond the paper ; get 
the ends of the paper free. Now put on a good 
coating of glue, not thick, hut so that the whole 
back is covered — thread, tapes, and paper ; then put 
on the strip of calico, so that it comes a little beyond 
the top and bottom ; rub the calico well down so 
that it gets hold of every part of it. Now turn the 
vqjectiag pieces of calico tack, 50 tbat 'Cae-j raft ft."Qsii. 
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with top and bottoin ; there will be enough glue 
oozed through to hold these parts down. Leave this 
to dry. You will then have the numbers all bound 
together and attached to a piece of calico, with a 
good margin on both sides; by these the book is 
attached to the oovers. Whcu dry take it from 
between the boards, put in a fly-sheet at the back 
and front of tlie book; let this be double, then 
you will have one loose and one to paste down 
inaide the cover. Before going further you want the 
edges cut off level. This is a matter you cannot 
manage for yourself, for you have not a press, nor 
the proper knife.* You can, however, have it done 
for a few pence at a bookbinder'a. For covera get 
two pieces of pasteboard if you want stiff covers; 
brown paper or cloth if you require limp covers. 
Cut the covers the proper size. Be sure and have 
them square at the corners ; then smear some glue 
over the ends of the tapes and margin of calico, 
after having neatly folded them down inside. Then 
put on the covers ; they will be firmly held all along 
the edge. Now let them dry. You must next 
provide a back of cloth or leather, which must not 
only cover the back, but about an inch on both 
covers. This must be stretched over the back, and 
pasted down on the pasteboard covers. Cut it some- 
what of the shape of Fig. 95, d ; the parts e, e are 
tto he turned back and glued together to form the 
top and bottom of the back. A piece of the same 



Since writing the above we have seen small bat complete 
of toola for amateur book<binding, so that any one having 
1 a set could perfoim the process here mentioned fai 
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material is tliea cut and pasted over the corners of 
the covers. When these are quite dry, put some 
marhle paper on the outsides of the covers, leaving 
an inch margin on both sides at the bttck, and cut 
off at angle to show the leather at the corners (Fig. 
95,/). Fold it carefully over, and smooth it down in- 
side the cover. When all this is done, paste down to 
the cover the outside fly-sheet ; this hides all the odd 
pieces that have been turned down. Be careful to 
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leave no odd bits of paste about inside, or that will 
be awkward. Now put it between the boards, and 
weight it so that it dries under pressure ; and if you 
Lave carefully carried out out instructions, you will 
Lave a very respectable specimen of bookbinding. 
A piece of bookbinding can be carried on with 
otlier work, because of the intervals that it has to 
be left for drying ; for it is always better to have it 
thoroughly dry between eac\i oi t\i.<i s.Ui.oe&. 
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If you want the Dame or any lettering put on tlie 
back, it is better to get a bookbinder to do it for 
you, because it requires so many special items tbat 
you will not bave at hand. These instructions will 
also apply to the making of a scrap-book for draw- 
ings, or gleanings from newspapers. Select your 
paper, fold it, sew it together, and bind it as we have 
directed. 

In making a portfolio for drawings, select first 
your boards for the covers, the thickness of which 
is determined by the size required, and yon can 
select millboard of all thicknesses. First cut these 
exactly the snme sine, place them parallel side by 
aide, then with a stout piece of calico put them 
ther, regulating the distance between them to the 
■width of back required. It is better to double the 
calico in this case, so that it hangs firmly to both the 
insides as well as the outsides of the covers. Now 
cover the back piece with leather or cloth, also the 
comers of tbe boards. You must now punch or bore 
holes for the strings, which may be of wide tape or 
stout ribbon; draw them through the holes, aud paste 
tbe inside ends flat down to the covers. Then cover 
the outsides with paper or cloth. When thia is done 
and dry, paste a sheet of paper inside each cover — 
.this should be a stout tinted paper — and your port- 
[fblio will be finished. 

Covers for loose numbers of magazines or weekly 
journals can be made in this way, and they are 
especially useful to any one who is fond of keeping 
his papers neat and methodical. You will not find 
much trouble in getting cloth, leather, or other 
material for tbe purposes desctiXwA in "dift \y*J«w- 
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bcDiding secdoo; a bookbuoder or stationer will be 
aUe to sappiT too. If we have not been sofficiently 
dear on 3»jme points, we most ask voa to look at a 
half-boand Tolnme, and joa will see how the parts 
are pat together; and the stitching in a sewn 
pamphlet will explain how each separate namber is 
attached to the tapes which are to hold the whole 
together. 




HOW TO MAKE MODELS. 

With some of you who take this bucA. in hand, 
model-making may be a very favourite kind of work. 

For tliia purpose you will be glad to press into 
service, wood, cork, cardboard, wire; in fact, all kinds 
of material To make your models more useful, 
they should be made to scale as far as possible. 
Fix on some standard, which of course need not be 
the same for all your models, or even a series of 
models. A model of a plain building is easily made 
in wood or cardboard. First make a drawing of 
each part of your building to scale, then transfer the 
same to a sheet of cardboard; and perhaps if the 
budding is not very complicated it may be all cut in 
one piece ; and then by folding it along certain 
lines you may form it up into a representation of the 
building. In order to get the cardboard to fold 
accurately, take a straight ruler, and draw a pen- 
knife along the lines which you require to fold, 
cutting the card half through. If the building is 
very large, and you require it on a laige scale, the 
better way is to do it in thin wood or thick paste- 
board. In that case you must cut oS ea-iiXi "s^v^KSi, i 



and Dot be content witb folding. Then put the parts 
together with glue, taking great care only to put 
glue where it ia needed. Supposing you liave the 
keep of a castle to represent, the battlements can 
either be drawn and shaded witb sepia or umber, 
or they may be done by glueing together varions 
thicknesses of wood to represent the stone-work, 

Windows and doors can be filled in witb glass, 
wood, or iron wire gratings. For producing eEFective- 
ness in such a model, ao much depends on the skill 
and inventiveness of the nnaker. Try and get the 
thing as real-looking as you can. You can get a 
fair representation of stone-work by coating tbe 
card with thin glue, and before it dries, sprinkle 
some fine sand on it through a piece of fine musUn, 
stretclied over the barrel part of a large pill-box. 
We give this size, because you must not have a large 
quantity to use at one time, or it is Ukely to go in 
patches. After you have got a surface of rough 
sand, you can colour it, so that some parts are darker 
than others, taking from it the sameness of surface. 

Some of you will be able to imitate ruins by 
colouring carefully; of course in a ruin you must not 
have anything look prim and stiff, or the appearance 
of a ruin is gone. There is still another very good 
covering for a model that is intended to imitate 
stonework — i. e. cork. Get some ordinary bottle 
corks, cut them into very thin slips, by means of a 
very shai^p pen-knife, and then into the shape of the 
front of a block of stone. Spread some glue over 
the surface of the card, and put the slips of shaped 
cork iuto their places; and if the whole is properly 
carriiid out, it will bp ver^ eSect\.N6. 
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A model of a stone bridge is s, very pretty object, 
nnd not at all difficult to manage. First cut the two 
sides, showing the arches; leave some small pieces of 
card at the bottom of the arches that can be turned 
under as feet ; glue these to a thin slip of wood, so 
that the arches are exactly opposite to each other, 
and at a sufficient distance to represent a roadway. 
Then put in the tops of the arches by bending eanl- 
board into t!ie proper form. Before fixing it per- 
manently it can be blocked out and painted hlie 
stone-work ; or the slices of coik can be put on. In 
this case do not put them quite close together when 
flat, for remember they have to be bent into an arch. 
This requires a little skill to manage. Having 
completed the archway, set about the roadway. This 
can be done with slips of card glued on the underside 
of the arch of the bridge. You can cut some figures 
of men or boys, horses and carts, and put them on 
the roadway. Such figures can be cut in cork or 
cardboard, and a cardboard model of a boat with a 
man in it, going under the bridge. Streak the 
wood-work fonnirig the bed of the river with some 
white paint, and cover it with a slip of thin glass 
to represent the stream; incUne the banks with 
crumpled brown paper, glued and sprinkled with 
red gravel. 

Models of some of our large engineering striictures 
can be made, and afford instruction as well as good 
tests of skill. 

Suppose we take a simple one to begin with, say 
a mode] of Plymouth Breakwater. Look up the 
particulars as to length, breadtii at low water, and 
height, breadth across the top, and bteaiVVv si. "iW 



HOW TO MAKE COMMON THINGS, 

surface of low water. You will find it easy to make 
this out of a piece of solid wood, planed up and ' 
bevelled; it can afterwarda be painted and the blocks ' 
of atone lined in. The lighthouse at one end can be ] 
made in coik or wood. Mount it on a board, and 
paint the board to represent the sea. 

Now for the model of a lighthouse. The best for 
this purpose is perhaps Eddystone, Get particulars 




FiQ. 96— Model of Lighthonse. 
a. Turned liloch for ebitft ; b. abaft muimtcil on rock ; 
c, Untern of LigLthouee. 

of its dimensions from some boob on the subject 
and get the model of the tower turned for you at 
Eome lathe ; it will come out like the outline in 1 
96, a. From a drawing, mark out all the doors and 
windows, giving the relative sizes to each, and also 
their proper positions. Then with chisel and gougs 
cnt them down not more than Ath of au inch. Next 
£t the lantern ; do tlua 6:om & itawVu^. Tha iq 
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of this had better be turned in a lathe. Then 
cut very neatly the uprights to connect it with tha 
lower part of the lantern. Let each be fixed into its 
place with glue. When the whole is dry, prr-oeed to 
glaze it ; have the glass cut so that the panes exactly 
fit, then fix them either with glue or putty. Next 
get some stout wire, and fasten a rail to run round the 
gallery at the top of the tower at the base of the 
lantern. You can work this very neatly with a pair 
of pliers. Fit each stem of wire into the wood-work 
by boring holes first with a bradawl. Make the holes 
somewhat smaller than the wire, and keep them at 
even distances from each other. With some stouter 
wire fix up the support for the fog-beli. You can 
make a small model of the bell in cardboard, or you 
can get a small metallic bell, which will suit better 
still The lantern need not be permanently fixed to 
the tower; it may be an advantage to have it mov- 
able. This you can manage by fixing two pieces of 
wire in the lower part of the lantern as pins, and 
boring two holes in the shaft to receive them, as 
Fig. 96, c. 

Now you want to construct an imitation rock on 
which to stand the lighthouse. Glue a rough block 
of wood to the bottom of the tower, making this as 
thick as you intend the height of the rock. Then 
mix some plaster of Paris and sand into a thick paste. 
Let it stand to get rather stiff, then take a knife and 
put the cement round the lower part of the wood. 
Let it stand up in rough block-like pieces, but smoothe 
it down near to the edge of the shaft, so that it 
appears as if the shaft ia mortised into the rock, as 
it actually is in the real structure, aa m "E^^.^^i^t. 
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The whole when <iry can be coloured to give it the 
appearance true to the actual buildiog ; or it caa be 
covered with fine sand, as we mentioned earlier in the 
chapter. The windows and doors can be coloured in 
imitation of those in the building. This makes a very 
effective model if properly built, aud we thiuk you can 
manage that from a descriptive drawing if you follow 
out our directions. We made a model of Smeaton's 
Lighthouse some twenty years ago, on the plan we 
have described, and it is now in as good a condition 
as ever. We also made a second model, putting 
round it the bands of red and white paint, which dia- 




FiQ. 97.— Blev»tion of Bridge. 

tingnished the old lighthouse for a good many years 
before it was taken down. This model we gave to 
a Fishermen's Institute, and it formed the first of an 
excellent set of models which has now grown into 
quite a muatium. Many have this year had an 
excellent opportunity of seeing a good model of the 
Eddystone Lighthouse at the Naval Exhibition, 
Towers, monuments, pillars, and objects of interest 
of this kind can be made up in the same manner 
as we have described for the lighthouse. A model 
of a lighthouse takes a good time to finish properly, 
but it will repay the labour ; it is " something at- 
tempted, something done," that will give pleasure to 
others as well as to yourself. 



Models of some of our great bridges aie interesting 
for study and building. The Forth Bridge is too 
elaborate for any description in a book like ttiig; 
but we think \vq can give sufficient directions for 
you to man£^e the Menai Tubular Bridge. 

Get a drawing of this bridge. You of coursi: know 




-BriUnuia Tower. 



that it was built by Robert Stephenson, and was con- 
sidered one of the wonders of the age; but it has 
since been eclipsed by the bridge over the St. 
Lawrence, also built by Stephenson; and to bead 
the list of wonders in bridge-building is the Forth 
Bridge; and perhaps in the not very remote future, 
there will be the Channel Bridge, spanning the 
Straits of Dover. 
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It would be too intricate to get all the engineer- 
ing details into your model of the Menai Bridge ; but 
you will be fully repaid by making a model, giving 
with some degi'ee of exactness, the general appearance 
of the bridge. Look at its general outline. You 
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Fig. 98 a.— Land Tower. 

see it consists of a pair of iron tubes, through which 
the trains run, supported by three enormous towers, 
and at each end by a land abutment. You can get 
a full description of the bridge in books on engineer- 
ing, and in separate treatises for 6d. or Is. each. 
The whole length of the bridge from end to end is 
J832 feet 8 inches ; the heigH oi \J[v^ c^tl\x^\^ called 



HOW TO MAKE MODELS, 

B Britanuia, Tower, is 214 feet above the rock ia 
If be mid-chauael of the Straits ; and the laud towers, 
which are after the same pattern as the cential, are 
!02 feet 3 inches, and the tubes for the train-way 
■.are 103 feet 9 inches above average high-water 
Ijnark, or about 125 feet from the bottom of the central 
{inwer. 

1038 yon deciile on making your model 40 
rinehea long. This will represent -^ of an inch to 
I tlie foot. In taking therefore your working dimen- 




f Bions from a book, take the number of feet as inchea, 
I and divide by 50. This will give you the height of 
I central tower from the surface of rock, as the dimen- 
Leions of the drawing we give, which we have worked 
tout to scale. The exact length of your model will 
ithen be 36^ inches for the bridge, and the height of 
Vtbe central tower 4^ inches, if the base of the model"! 
I represents low- water mark. 

It will be beat to use cardboard for this modelfl 
(Draw out the sides of the central tower exactly the 

B and shape of those we ^ve in Y\^. ft% u,,"si 
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sIjowb ttie sidti and part of tlie tube projectiug on ' 
either side. By the measures appended to this, cat ' 
the two ends of the tower, which contain the open- 
ings through which the tubes are to pass. Before 
ylueing the parts of the tower, mark it out and 
shghtly tint it to represent blocks of stone, as in tlie 
lower part of drawing, Also give the arch i tec liiral 
character to the tops of the towers as shown in 
Fig. 97. Tlien proceed with two end towers, the. 
dimensions of which we give in Fig. 98 a, for both 
ends and sides. Fit them after blocking them out, 
and colouring as directed for the central tower. 
Then take in hand the abutment ends, each of which, 
you notice, is ornamented with a lion. These you 
must cut out in cardboard. The dimensions for the 
abutments are given in Fig. 98 &. Now the next thing 
to construct is the tubes, which you must make 
of strips of cardboard; the pieces for the depth 
being -^ of an inch wide, and for the width -^ of an 
inch. You will require four lengths of tube for the 
central spans of 9i inches long; that will allow for the 
portion of tube to be built into each of the towers, 
and also four lengths of tube for the end spans. In 
putting these strips together in the form of rect- 
iingular tubes, keep the sides parallel, aud remem- 
ber what they have to represent. They ai-e the 
tubes in which the rails are laid for the trains to 
pass through them; one set being for the up line, aud 
one set for the down Hue. The outsides of these can 
be coloured to give them the appearance of iron — a 
light slate colour, for instance. Having completed all 
the parts in detail, you must now put them together. 
First get a piece of board 4 iuiiU&B ■wida, and about ' 
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We propose, tlietefore, to take such light metal 
b work that caa be done without grazing, drilling, or 
r riveting — aud which can be done as much as possible 
t with your carpentering tools. The first class of work 
we prapose shall be made of light strips of iron, 
which can be bent into various curves and scroll 
forma, to be turned into brackets, candlesticks, 
screens, lamp-suspenders, and flower-baskets. For 
this purpose you require some strips of sheet-iron. 
The thickness selected must be regulated by the 
purpose for which you require it. You can get it 




I 



of a thickness of a thin or stout ribbon, and width 
from i inch to I inch. For suspended objects the 
thinner iron can be used, for these strips are im- 
mensely strong; for standing objects, where rigidity 
is wanted, you must use the thicker kind, and some- 
times a rod of iron twisted up with it for the sake 
of support. Then you require some skill as a 
designer. Draw a few samples of simple objects to 
begin with, such as a scroll, a candlestick, a sus- 
pended flower-basket, a bracket, a frame for a match- 
box, or for any other object jovi UaNa ^ -aS^ "wi 
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produce. Get a look at some work done in the same 

material; that will help you to multiply designs, as 
well as to see how the work is put together. 

For this work you need cutting pliers, bending 
pliers, and nippiiig pliers specially adapted to binding 
parts of your work together with the iron ribbon. 
Reference to Fig, 107, which give you the usual 
forms of cutting pliers, «ill help you in the selection 
of these tools. The first is a strong pair with 





"square noses," as the gripping ends axe called. 
This is for your first and heavier work. The B' 
is for cutting only — better adapted for trimming the 
ends of your strips after you have cut them off. 
The third is for lighter work, either bending or 
cutting. As we mentioned, it is not positively 
necessary that you should have all three pairs, but 
do so if possible. In Fig. 108 we give you the fonn 
of the round-nosed pliers, which you will find of the 
greatest service in bending ^oiii vcon ?Xt\-^ m.to 
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curves, especially the smaller curves. The third I 
form of tool, which we give in Fig. 109, is especially I 
for nipping the parts together. The noses of these | 
pliers are flat at the enils, and enable you to grip | 
the parts together ivith considerable force. This you i 
will find especially necessary when putting together 
the various parts with the flat ribbon, to which we 
shall have occasion presently to refer. 

With these tools at hand, and a vice such as i 
we recommended for carpentry and picture-frama 
making, and an iron block for an anvil, you can with 
advantage start on your work. Before making any 
object you must get accustomed to turn various 
lengths into scrolls and elegant forms. This is best 
attained by drawing a scroll on a slip of paper, such 
as is showa in Fig, 110. Then witii your round- 
ended pliere, run your strip of iron ribbon into the 
shape of the scroll designed. Take care to avoid 
any sharp bends. It is advisable to make your 
drawing of the same size as that required for the 
object; you then have an opportunity of applying the 
iron scroll to the drawing, and it thus acts as both a 
guide and a corrective. When you are able to turn 
out some respectable scrolls, you will find jouraelves 
able to combine them into the objects we have 
named, some of which we will describe, with the 
method of putting together. This work will give you 
a very wide field in which to exercise your ingenuity. 
The variety of patterns seems almost endless. You 
may get some ideas from fretwork designs. 

Suppose you wish to make a bracket. That seems 
B easy and straightforwai'd a piece of work as you 
isibly have. Cut off yovit "wou.'W'b^ VltvaV'i 
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a good shape by first drawing yoor acroll on a pece 
of paper and beading joar iron to it — th£ drawing 
acting aa your gauge. Now turn tip a second scroll 
just like the first These are to be made into a 
pair o( skeleton brackets of the form shown in 
Fig. 111. Here a piece of stouter iron band than 
you have used for your scrolls is bent into a right 
angle. You want two of theae, one for each scroll. 
To do this you must cut oS the two strips of iron. 
Scratch each piece across the centre, and place this 
scratched line on the edge of your anvil, then hammer 
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it into a bend. Do this gradually. To be sure that 
you get tho right angle, gauge each piece to a right 
angle drawn on paper, or to your drawing square. 
Now the pieces you have cut must he joined together 
at the parts marked in Fig. 111. 

There are two methods of putting together your 
iron work. You see that every portion must be put 
together quite flat, and so tight that it is not possible 
for any of tlie parts to get easily "wriggled" out 
of their i)lacc8. In fact it must be put together ao 
that tho whole is nearly aa rigid as if It were a single 
piece. 

One luetliod is Ijy bimliug to3,&tWx Oi^ -^avts with 
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very tbin iron wire, so carefully, with tbe threads as 
close together and as tight as if you were binding 
tlie handle of a cricket bat. The fine wire sucli as 
is sold for twisting up " flower button-holes " will do. 
Ifc is easily worked, and can be readily fastened off. 

The second plan is to make a clasp of the same 
metal as that in which you are working. This you 
can do by cutting off a piece long enough to clasp 
once round the pieces to be held together, and only 
once round — none to overlap. 

You will be able to make the clasp by the help 
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of your hammer and the pliers in Fig. 109. Get the 
clasp to fit so well that there is no looseness or 
slipping to be feared. 

Select one of these plans, and put together your 
brackets as shown in Fig. 111. 

You can nest try the more elaborate brackets in 
Fig. 112, a, b, c. In Fig. 113, a and 6, a central 
stay, which is ornamental and gives extra strengtb 
to the pieces employed, consists of a piece which 
has been twisted in the centre or towanJs one oud. 
This process is easily accomplished by sciewing one 
end tightly in the vice, gripping the opposite end 
in your flat-nosed pliers, and then gently but fi.coil^ 
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twisting it. Yoa will 6Dd the thia iron stiap yield 
readily to such pre^u^e as yoa will be able to apply 
by this metbod. ' 

These brackets are exceedingly useful for sup- | 
porting shelves. They are strong, easily fixed, and 
are oniamental, according to the art and design put 
into them. 

Having succeeded thus iar you may aim at making 
something requiring a different method of working, 
as well as a new channel for your ingenuity. 

i you decide on making a candlestick — a 




pair, perhaps, if you succeed welJ. Draw your design 
first, if it is to be iike that given in Fig. 114. Cut 
three strips of iron ribbon; they are to be of the 
snme length; bend each into a scroll of the form 
of tr, Fig. 114. They must be the same in size and 
shape. Then get an earthen end to hold the candle. 
This must be supported on two rings; one at the 
upper end immediately under the rim, and one at 
the lower end. To these rings the bent portions 
must be bound by the upper ends, to the nogs. 
Piace them bo these uprig\\\a slanA a.i e(\ual dit- 
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! from each other, held by two other rings at 
convenient distances down the stem. 

tWe repeat that tho binding and twisting must be 
..r 



& 
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Fia. 114. — Design Foe Oaudleetick. 

a, EHch part for tha uprighte ; b. the earthen socket ; 

c. the complete caadlestick. 



done with the pliers, so that there ia no tendency 
for them to undo aod loosen the work. The candle- 
sticks just described can have a triangular foot of 




ihin polished wood, if you like to give that amount 
Eof labour to them ; it will not make them heavier, 
■tut it will make them strooger. Wires drawn over 
1 branches of the scroU tbiougW \Jiie -flwA ^h^ 
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bold eacb part well and safely, aod give stability 
to the whole. 

In Fig. 114, and several others that follow, where 
most of the designs stand on three feet, or consist 
of three branches, the third side is presented edge- 
wise, Eo as not to obstruct a fair view of the other 
two, BO that oar readers will be able to ea^ly catch 
the design. 

An ornamental bracket for the support of a candle 
may be made somewhat of the fashion given in 
Fig. 115. In this fignre the horizontal support is 
made of rather stouter iron. The exact design you 
can decide on for yourselves. 

TO MAKE A SUPPORT FOR A FLOWER-POT OB 
A FLOWEB-STAKB. 
Design three or four uprights, or make a copy of 
Fig. 116. Bind the upper part to rings the shape 

of any flower-vase you wish to form the top of your 
ornament ; then as the stem of this must he stronger 
tlian that of the candlesticks, you must bind tlie 
ribbon upright to a small iron rod. If you have three 
sets of scrolls, you must get a snaitb to beat you a 
round iron rod into a triangular rod. This rod may 
he made long enough to reach to the same level as 
the scroll-work forming the feet, for it will give the 
stand additional strength. The spaces between this 
and tlie outside feet can be filled in with elegant 
little scrolls, which will add ornament and finish to 
the whole. 

In Fig. 117 we give a design which is more 
oraamentai, but which we fluiik \s\ft, TmH-^je, Tcuat^ 



• FOR FLOWEn-POT OB FLOWER-STAND. 175 

J.troublesomG lo make tiian the last described, Tliere 
J somewhat more details in it, but when these are 

worked out separately, we tliink you will be able 
E'to put the various parts together. The sketch we 
■ give ia from an actual piece of work made under 
I the supervision of an art metal worker. The tri- 
, angular pieces, bent with the broad e<lge3 outwards 

give strength and stability to the whole, and you 





may find it advisable to make them of wider strips 
of iron. 

Lamps for suspension may be made by cutting 
squares of glass of any tint, size, or shape. Fit a 
frame top and bottom, and at each corner carry up 
a strip of scroll-work, or a plain strip, as shown in 
Fig. 118; from each corner of which carry up a 
length of scroll-work, or some short pieces well 
fastened together^ so a3 to fonu a bItoti^ dRiivi, 
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With etoater iron for the fnme wort, macli lai^er 
and ^tSoagcT olgeeU aaj be maAt. We bare seen 
elaborate stacda coDtaimog a metbjlated spirit-lamp 
ami a braocbing hook above, on wfaicb a kettle has 
been baogiog, foiming a neat and useful ornament. 
With a frame of ^ incb iron, a usefol Sre-screen can 
be made, and sucb iron may also form the backbone 




of brackets. This iron can be twisted and worked 
cold. If you take a square bar, and put it into the 
vice, screw it up very tightly, so that the vice-chaps 
take the faces of the bar quite flat, you may by 
means of a square-faced wrench twist the iron into 
a screw-like form. This makes it look lighter 
than it would if it were wrovight on a square bar 
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■oaghout its whole length. Now supposing you 
Vant to make a bracket. Take a piece of iron { 
inch square, bend it to a right angle, then turn up 
some scrolls, and fill in the angle, as in Fig. 120. 
Two other sets of scrolls on either side sometimes 
add to its ornamental qualities. 




it-sup[)Ort for Lamp. 
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Candelabra of two, three, or four branches may 
be worked out. Brackets and bookshelves can also 
be arranged, by means of wood-work shelves screwed 
on to ornamental scroll supports. 

These oraamenta can he blacked, covered with 
enamel paint, gilt, or bronze, to suit the taste of any 
persons, or to match any other suite of ornaments, 
or they may be left plain. 



TO SIAKE A FIRE-SCREEN. 

Make a frame of any size you decide, on, of tlie 
Etouter iron; turn up a set of bctoUb for the feet, J 
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sa ID Fig. 122 — two seta for each end — then fill in 
the frame with a scroU deaVga, oi a. dexi.^ oC angular 
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geometrical patterns, and fill in the spaces with 
coloured glass, or plain glass covered with thin 
Coloured paper. 

?his iron-work of strips looks exceedingly well, if 
TelieveJ by strips of copper — e.g. in any of the 
designs already mentioned, where t!ie upright por- 
tions are of iron, the cross-bands may be of copper. 
Copper for this purpose may be bought at the 
ornamental iron- workers, as well as the iron strips, 
and the wire for binding them together. Such work 
as this may be worked up into very elaborate 
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Fig. 123.— DesiHii E< 
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designs; they only require patience and 

they will reward you for the time you spend on 

them. 

In Figs. 119, 120, 121 we give tlii-ee specimens of 

work whioh you will be able to accomplish by 

following the directions already given. You may, 

however, find an advantage iu judiciously combining 

the lighter with the heavier iron in these examples. 

For heavier work than we have mentioned you 

I would require a forge, when you could beat out and 

Lfloiten the iron, in order to work it mVo ^oa:^-, sis» 
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to bore it and rivet iL Some beaatiful work of this 
ciasa has beoa done by amateurs; bat it is rather 
oatside oar province to deal with iL If, however, 
yoor fancy prompts you to a desire for tiiis kind of 
elaborate iron-work, several workshops are open to 
yon, where you can get both instruction and practice. 
Irou-work is both elegant and durable. Some 
spleodid specimens are still iu existence of thirteenth 
century work, where the various parts are all put 
together by straps of the same material as that in 
which the work is executed, without even a rivet 
or a brazen joint. 

REPOUSSfi WORK. 
This is a metal work, of <]uite another kind ; and 
iustead of working with strips of metal, and that 
metal iron, you work by embossiug your design in 
metal, which is generally sheet-brass, sometimes 
sheet-copper. 

First, you make your design in ink on paper; 
then procure a sheet of soft brass, known as " French 
metal." Paste your design flat on to the brass. Now 
your object is to produce this same design in relief 
on the thin metal. For this purpose you require 
not only a soft bed on wliich to work the metal, but 
the tools to do the embossing. These tools are 
called chaseis, which are short iron punches, used 
with a flat-faced hammer. The block upon which 
the brass is laid is of pitch, something of the con- 
sistency of shoemaker's wax. A layer of this is 
placed on a block of wood ; then the sheet of metal, 
oa which the figure ia tiien. l^oaei ■♦n.'Oo. IXml steel 
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relief; the 
iched iuto 



l^int; then the design is punched into relief; 
moat prominent parts having to be punched 
lighest relief. Remember, while you are working 
at this, the finished design will be the reverse of its 
appearance to you. Having thoroughly traced the 
design, and the details, the block is laid on a sand- 
bag, and this placed on the bench, so that blows are 
deadened, and the tapping does not make tlie noise 
it otherwise would. In the first attempt, take a 
piece of brass, and indent a continuous straight line ; 
then a simple design of straight linep, in which the 




relief is smaU, like Fig. 123. Next take a few 
simple curves, as in Fig. 124. Practise these straight 
lines and curves tUl you can do them fairly well, 
then start on something more elaborate. Suppose 
you take a piece for a shallow tray— a pin-tray say, 
— cut the metal into shape and size ; if you have 
not the shears for this you can have it done for you 
where you buy the brass. For this you should pay 
about Is. St^, per pound. Let the design be a simple 
r one, some geometrical pattern, as in Fig. 125. Make 
[ ^e design on paper ; paste '\\. on t\\e ^ftft't o1 ^aa'ws!*-. 
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Then with your tracer and hammer do the ring 
at the edge ; then the inner nng then deepen the 
broad indented line for the design or if you wish 
the design siiuk and surface generally raised, you 
must punch all the other part np In the punches, 
you have some lor broad surfaces others for fire 




lines; you must select that best suited for your 
purpose. The punches ire sold m boxes each con- 
taining a set of nme the shape of the punching 
surfaces are shown in Fig 126 The space between 
the design requires to be punched regularly all over 
to give it a roughened appearance; this must be 
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done from the right side at finishing. Sometimes it 
is necessary to see liow the work is progressing, 
therefore the pitch has to be removed. This is 
done by the flame of the blow-lamp, which melts 
the pitch so that it can readily be removed. In the 
simple designs thia ia not ao mucVi Tiecded-, but in 



i 



HEPOUSSfi WOHK. 183 

the more elaborate this frequently has to be done. 
Try three or four simple tlesiyns first. 

In your next stage take a design where the relief 
is not all the same depth ; such as a leaf (Fig. 127), 
or a flower and leaf, and then follow this with a wreath 
of leaves, which may be " orked in the centre, or round 
the border. First, in each case, with the tracer get 
the full outline, then the curves of the leaves, then 
get a rounded channel from the various veins of 
the leaves, then deepest of all between these and 
the mid-ribs. This is best accomplished by taking 
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Fro. 12T. — Simple design tor a tray with embosBfld leaf. 



nature for your guide. Get a series of well-developed 
Es, to lie before you on a sheet of white paper. 
Place these in an easy natural position, not flattened 
cramped at all ; then do your best to imitate 
them in your metal, having the right side up for 
the delicate chasing and finishing. You will find this 
requires about the same patience as wood-carving. 
In the cases where we have supposed the metal 
IB to be made into trays, turn up the edges after the 
designs are finislied. Take care that they are turned 
up at the same angle all round. This can be 
managed by hammering the edge \q b. "^xw-ft tiJi ■«Qfi&- 




BOir 10 MAEM 

TW banner far iUi pnpaae ha s koadLnBoott 
6c8^io there w so fear of tfieguhi^ awrfcrmg flte 

metal if car^tnjwofked. Toacaanezttakeadca^ 
is frnit and lesTea, in wind the frtdt «iU nqmre 
tbe highest relief, aa Fig. 128, and the sar&ce at the 
lame time reqoiies to he nieelj roandecl. ao that the 
tools rnnst be ase>l very carcfbllj ta&ed to prodnee 
this effect. Tbeo a stage higher jon can take the 
head of an animal. Throw tbe most pmminent parts 
in the greatest relief; be carefnl aboat tbe eyes and 
moQtb, and the varioiis markings of the &ee, all i 




which go to make np expression. Then you can go 
on to portraits and figures, according to their diffi- 
culty and your own proficiency. Books of suggestive 
designs for this class of work are sold for the purpose 
of guiding amateurs in the selection of subjects. 
From the smaller you can go to larger pieces of 
work, according to taste and ability. You may ex- 
perience another difficulty, for it sometimes happens 
tliat from continual punching and tapping the metal 
becomes brittle; this you can tell as your work 
progresses. Should it do so, it must be annealled, 
Thia is accomplished by puUing ^^le \i^Tj:ffi \a ^ d«as 
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lal fire till it becomes red-hot; then take it out 
W*dA allow it to cool gradually. If your work is long 
rand tedious, this, however, may liave to be repeated. 
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WIRE-WORKING. 



Various designs may be worked out in wire. You 

an for this purpose use copper, phosphor-brouze, 

f and galvanized iron wire. Among the most oma- 




Fio. 129.— Wire 



mental objects, perhaps, are hanging flower- baskets. 

First cut a length of wire ; form it into a bottom 

Next cut off a number of pieces of equal 

length; bend them into a long, narrow horse-shoe 

Y shape ; loop the bottom ends round the lower ring 

[ of wire. Turn the ends well round the lower ring. 

I When this is done, take another length of wire and 

^'lace it in and out, keeping the upper parts of the 

it equal distances from each other. Bend tlie 

' edge outwards into a gtaceJoV cvii^fe. Tci«o. 
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kce the bottom with strands of wire, crossing each 
other in the lozenge shape. To susfiead, arrange 
three simple strands of wire, or three chains, at equal 
distances from the upper ring, and fasten them into 
a common ring at the top, as in Fig. 129, 

You may find it aseful in making cages for keep- 
ing pets, to use wire for the fronts of such cages. 
They are readily made by boring holes in the 
opposite sides of a frame, and drawing the wires 
tliFough ; the size or thickness of the wire depending 
on the size of the frame. Turn the ends down to 
prevent them from drawing out. Do not use copper 
wires where animals are in question ; they will, 
however, do for ornamental work. In using gal- 
vanized iron wire, there is no positive necessity to 
paint it, but it preserves it better, and frequently 
makes it more ornamental. Enamel paints are well 
suited for this kind of work. 



METHODS OF SOLDEKINO. 

Without some hints on soldering, this chapter 
would not be complete. It is a very useful qualifica- 
tion for boys ; if they aim at being " handy boys," 
they will most likely become "handy men." 

Suppose in the first case a saucepan or a kettle 
leaks, it has to be sent to the tinman's, or iron- 
monger's; and the job being so insignificant and 
trifling, i? laid aside for others of more importance, 
yet it is wanted at liorae, and the delay in its return 
OJiuses a lot of worry and annoyance. The next case 
that occurs, you try and cuic \l -3 



METHODS OF BOLDERINO. 187 

Tools for Boidering should always be feept at hand. 
"a cheap set, with a bit of solder, can be bought for 
sixpence . 

The saucepan miist first of all be well scoured 
with a strong solution of soda and water; this re- 
moves all grease, then scrape the hole quite clean. 
If the hole is only a small one, a little drop of solder 
will perhaps be sufficient. This yon can put on after 
moistening the spot with what the trade call " killed 
spirits." This substance is made by dropping strips 
of zinc into hydrochloric acid, diluted with equal 
parts of water, till no more zinc is dissolved. This 
substance acta as a flux. Now heat the soldering- 

Iiron in a clear fire (see that it is clear) ; then rub it 
on a piece of sal-ammoniac, or some powdered resin, 
then on to the solder. Apply this to the small 
hole in the saucepan ; it will soon cool and harden. 
If, however, the hole is too large for this, the best 
■way is to put a piece of tin over it. Well clean all 
round the hole by scraping, then moisten it all 
round with killed spirits, and spread on the solder 
according to the plan already mentioned. Cover it 
over with a little powdered resin; melt the solder 
by the soldering-iron heated up afresh, then put on 
the patch of clean tin. Press it into close contact; 
r the solder will harden. If a very large hole occura, 
Tit will be better to put in a new bottom altogether, 
jasily accomplished by cutting out a piece of 
I' block-tin, and turning up the edge. Well clean the 
L parts to he joined, and proceed as already directed. 
Compo-tubing, such as is used in gas-pipes, may 
e joined by simply covering the parts with a little 
vpowdered resin, and cutting a atti^ cS 'Cii-oi. 9kS.\. 
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Bolder, and putting on to the resio. The sohlering- 
iron in this cnse must not be iiscil too hot. 

But suppose a water-pipe bursts, as it does some- 
times in sharp, frosty weather. You must cut the 
portiou of pipe containing the hole completely out ; 
tliis you cau do with an old saw, cutting the edges 
ofi' quite square. Then a piece of new pipe must 
be taken, and the lower piece of old pipe opened out 
to receive the lower end of the new piece. This you 
can do by driving in a peg with a mallet — plumbers 
use boxwood turnpins for the purpoae. Now open 
the upper end of the new piece in tho same manner 
for the lower end of the old pipe to go into. Next 
take your knife and scrape quite clean the surfaces 
to be joined. Put the pipes together ; this will leave a 
circular hollow around each pipe. Into these sprinkle 
some powdered resin, then pour in some melted 
solder, and pass round the edges the point of the 
heated iron. Do this till you are sure the solder and 
lead are melted together, A neat outer joint re- 
quires much esperience to make, bo we must leave 
that to a professional plumber. We have given you 
enough directions to secure tho joint, and avoid tho 
annoyance of having to wait for plumbers, who are 
all busy at " pipe-bursting time." 

In your practical science work it often happens 
that you want to join together flat surfaces of 
copper-band, and join up copper wires; and as we 
have frequently required to make platinum elec- 
trodes, these must have our consideration next. 
As the platinum electrode is the simplest, we will 
take that first. IE you iei\\iiie a pair, let them be 
cut off the same size Svom s^.A^ ol ■^^OvmKa. ^sii. 
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Now take a sbort length of platiimni wire for each, 
and with a metal pin make two holes through the 
foil in a line where the joint has to be made. Pass 
the wire through these holes. Hold this part in a 
blow-pipe flame till it is white hot, then put it 
qQickly on an iron plate, and give it a smart blow 
with the hammer. Have all things rcaily for this, 
so that the blow is struck hefure the metal has Lad 
time to cool. A weld between the wire and the 
foil will then have been formed. This ia more 
effective and lasting than any Eoldering. 

In soldering copper surfaces, either sheet or wire, 
let them be thoroughly clean. The flux used is 
sal-ammoniac and powdered resin. Many mix the 
powders together, and apply them at the same time. 
Some recommend a piece of cane split up into 
filaments, for brushing in a strong solution of sal- 
ammoniac, and then sprinkling in the resiu. We 
think, however, you will prefer the former plan. 

The nest thing is to get the soldering-iron the 
jright temperature — for if not hot enough to melt 
rabe solder, it must be put into the fire again ; and if 

D hot, the tinned surface on its face will be burned 

', and the solder will not stick. Should this be 
13ie case, you must re-tin the soldering-iron, then 
you proceed as we have directed already. The sheets 
of copper and the wires must be held together till 
the solder is hard enough to hold them of itself. 
If you require to loosen any parts soldered together, 
it is better to do so by a lauip-flame ; you can get 
the parts heated to a higher temperature by that 
a than by the iron. 

To re-tin the soldering iron, you. vnuat Kca.^ ^.V^ 
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copper bit in a clear fire, nearly to red-heat; put 
it in a vice, edge upwards, and file it to a clean 
metallic surface. Then rub it over with a piece of 
sal-ammoniac, and drop on a small bit of solder, or 
rub on it a bar of solder. The surface of the solder- 
ing-iron will then be covered again with tin, and 
will be ready for use. 

With these methods, which are the only ones you 
are likely to require, we will conclude our chapter 
on metal-work. 

Many books on the separate departments of metal- 
work are in existence, and which are exceedingly 
useful in giving you hints for work. Best of all, 
if you wish to get a better practical knowledge of 
the subject, join a good workshop. Many workshops 
in connection with our technical schools are now 
open, giving excellent chances to amateurs and 
others. 



CHAPTER XTI. 



' HOW TO MAKE SIMPLE APPARATUS FOR CHEMICAL 
EXPERIMENTS. 

Most of our readers have learnt something of 
ience at school, or at the evening classes in cod- 
lectioQ with tlieir school or recreative classes. 

Chemistry is the science generally taken first, 

tcaiise, a3 a subject, it is most important, and the 
ordinary experiments are performed with apparatus 
and material much less costly than thiit req^uired for 
many other branches of science. 

Having seen the experiments in class, most pupils, 
if they take any real interest in their work, are 
anxious to repeat the experiments themselves. And 
this is very desirable; for the performance of an 
experiment is a much better way of getting to 
understand the subject than merely seeing the 
experiment performed. 

A little patient ingenuity will enable you to 
acquire a fair stock of apparatus for the repetition 
of ordinary experiments. Test-tubes, flasks, and lib. 
of glass-tubing of various sizes, a few good soft corks, 

small set of cork-borers, a tria.uov\la.T: fi.Vft,a. ?sfir«y,. 
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rat-tailud file, are tlie first requtrcmcnt.s. You must 
have access to, and the use of, a gas-burner or a 
good spirit-lamp, and a niucpenuy Black's blow-pipe. 
Working in glass forms also a nice change of occu- 
pation from carpentering^the manipulation is so 
different — the toughness of the wood forming a very 
strong contrast to the brittleness of the glass. 

We always find a pupil gets on so much better j 
with his work if he repeats the class experiments I 
himself, and much better still if he makes his own | 
apparatus. He is more interested in his work, it | 




Fia. 130. — AppuataB for pcepuiing oxygeu goB. 

Widens his knowledge, and gives him a thoroughness 
that he would not otherwise be able to acquire. 
Above all things, it makes him praj^tical. 

We feel sure that after learning to make the 
simple things mentioned in this chapter, he will go 
on to the more difficult contrivances which we dare 
not even hint at here. 

As the subject, oxygen, is generally the first gaa 
dealt with, we will describe a simple apparatus for 
making it. The apparatus for making gases that 
are only given off by heat, must be made of thiiinei 
glass than that for gases which are given off at the 
ordiaajy temperatuia oi \.\ift avK. 
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We will suppose you want a small apparatus for 

making a little oxygen. Take a test tube J inch by 
6 inches — the best way is to buy a few tubes of 
various sizes from | inch X i inches up to | inch 
X 6 inches; these will be the most useful sizes. 
Select a good soft cork to Gt the tube. You can 
soften the cork by squeezing it; this 18 genei-ally 
done by the ordinary cork-squeezer, but very likely 
you will not have one. You must therefore wrap 
up the cork in a piece of paper and roll it on the 
floor, under the foot, regulating the pressure on it 
as may be required. Having fitted your cork to 
the tube, the next thing is to fix a delivery- tube. 
This you must select before boring the cork. Choose 
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the borer somewhat smaller than the tube. The 
borer is a brass tube with sharp cutting edges, aa 
shown in Fig. 131, which should he carefully kept, 
so that the cutting part does not get turned up by 
coming into rough contact with your file, or hy 
falling on a hard floor„ for the edge is soft, and only 
adapted to cut such soft substances as cork. Cork- 
borers are sold in sets (Fig. 131). To bore the 
cork, put a stout wire through the hole at the 
upper end of the barrel of the borer ; hold the 
cork firmly in the left hand, pressing it down on a 
boai-d, or hold it flush with the edge of the board. 
Begin with the smaller end of the cork. Hold the 
borer at right angles to the to'p ot tioft co^V-, '<5casv 



with a d%fat piffB tatra h into the cotk, tiD yon 
find it tbiDt^ the other end. Draw out the hoKi, 
and «ith the wire posb cot the core from inside of 
the tabe and put it awaj- — the borer may then be 
smeared ora- with a little petroleam to keep it bright 
Now just moisteD the end of the glass-tube selected 
fix* the deliTeiy-tabe, and put one end into die cork 
by holding the tube lighllir between the thumb and 
the finger of the right Land, and the cork in tlie 
left, twisting the tube and pressing it at the same 
time. It should fit very tightly. 

The next process is to beod the tube to give it 
"two elbows." The best way to do this is to hold 
it in a Sat flame, the first portion being near to the 
cork — it will furm a handle for you — the tube must 
be twisted round, and moved light and left so that 
several inches of the tube get lieated. Let it get 
liottest at the portion you want to make the bend. 
When red-hot remove it from the 8ame, and bend 
it to the angle required ; bend it gently, bo that it 
may not have a sharp bend, or it may break. Do 
not let it cool suddenly, but hold it at some distance 
above the flame for a short time, and do not wipe 
o£f the soot with which it will be covered for some 
time — not till it is quite cold, By this means it gets 
"aiinoaled," The other end — "the delivery-end" — 
must be heated in the same way, and bent slightly 
upwards. 

It is better to cut o£f the tube to the proper 
length before fitting it. A good length is about 
12 inches from the cork. Take the tube at this 
point liglitly between the fingers, hold it firmly down I 
on a board, and give a dee^ emtB-Vit 'nS.W * ebarp 1 
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triangular file. With a small tube, this one Bcratch 
will be enough. Now hold the tube tightly, bring 
the thumbs close up to tlie scratch, with the scratch 
upwards; break the tube by sharply snapping it 
downwards. If the tube is too thick for this, scratch 
the tube half round, or even more, and then break 
it off The broken end 11 be sha, p and □ ust be 
held m a gas Ha e 1 11 t s red hot then the sharp 
■a w 11 become round If yo ha e fin shed jour 
apparatus properly t w 11 have the appearance of 
Fig 130 Somet mes e en w th the beat corkt the 
fit bet veen the cork and tl e tube a not th most 




perfect. If not perfect the gas, when given off, will 
escape; this may be prevented if a little pipe-clay 

moistened and spread round the cork, and pushed 
well down to the edge of the tube. Keep a block 
of pipe*clay for similar use in other apparatus; it 
ia much better than paste or dough. 

When you have put in your mixture, from which 
you intend getting the gas, do not heat your tube 
intensely at one spot at first, but move it through 
the flame bo that it gets generally and gradually 
warmed. Care in this respect will save you a good 
deal of disappointment, and much destruction in 



If jDQ want sodi a gas as o^gen od a la^ei 
scale, selcet ao ordinaij Fkreoce flask, and fit it 
in the eame way as we have diiected for the tabe, 
sad joa will have sach an appazatos as shown m 
Fig. 132. Select a flask in which the glass is of 
even tfaii^nes, aitd not a knotted or flattened £a^. 
Some gases aie given off' at high temperatures &om 
Uqoid mixtures, and require a safety-tabe to the 







flasks employed. The flasks Tor this purpose havo 

generally larger necks, because they require lai^er 
corka, through which two holes can easily be bored. 
In boring these take care that they are parallel, for 
it looks very badly to have one tube aslant to the 
other. The outer end of the safety-tube is generally 
supplied with a funnel. This you can manage for 
yourself. Hold the end of the tube in a gas-flame 
r it has been well warmed for some two inchea 
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of its length. While in this position keep it revolv- 
ing hetween the hands. When the glass geta red- 
soft, whirl it round a little faster; the 

Itened glass will take the form of a funnel. When 
you have opened it out as much as you need, it 
must cool very gradually. In doing this, do not 
allow it to come in contact with any cool ohject, but 
hold it for some time in the heated air arising from 
your lamp. By this means it will become annealed ; 
then it will not bo liable to be broken with the 
differences of temperature to which siich a tube 
must necessarily be subject when in use. If pro- 
perly fitted, such a flask, when ready for use, is like 
that in Fig. 133. The funnel tube here shown is 
sometimes called a " thistle-tube." 

When the delivery-tube ia long, it is likely to 
be broken. This danger may be averted by having 
it in two pieces, and joined by a length of india- 
rubber tubing. Cut off the tube you require for this 
purpose, a convenient length, with the file, according 
to the directions alreaily given ; then take about an 
inch and a half of small indiarubber tubing, of such 
a size that when slipped on to the tube it makes 
a tight fit. Tlie ends can be fastened, if necessary, 
by being tied tightly with some pieces of twine, or 
fine copper wire; the latter undoubtedly holds best, 
because you can get a tight twist, and can also twist 
the ends up together as shown in Fig. 133, a. It ig, 
rhowever, better to have tubing fit without being tied. 

For the making of hydrogen, carbonic acid, and 
'Snch gases that require no heat, it is best to fit up a 
■wide-mouthed bottle or flask, as in Fig. 133. Get s. 
cork — or if you prefer it, W^ a. caa\x'u3&i3Qs 
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stopper tJirough which two suitable holes are borec!, 
and fit it up with similar tubes to those described 
in our last arrangement; then you will have such 
a piece of apparatus as is shown in Fig, 133. 
Bottles fitted in this manner will answer all the 
purposes for which Woulffe's bottles are recom- 
mended, and are of course very much cheaper. 

We will now ask you to fit up a wash-bottle. Get 
an ordinary bottle with a fairly wide mouth; fit to 
it a good cork. Having selected your tubes, bore the 




holes the right size. Bend tube h. Fig. 1^4, at right 
anides; take care in bending it that the tube does 
not get contracted. This you can avoid by heating 
a good length of the tube in a flat gas-flame, but 
remove it from the flarae before you bend it, as we 
have before mentioned; but being important it is 
worth repeating. For tube a, you must Lave one 
long enough to reach the bottom of the bottle, and 
at the other end get a graceful bend ; before bending 
it,you bad better form the"jet"end. Thisyoit must 
'o by fioftening the glaas-tvAie m ^^ki gpa-%».ma,"(> 
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^drawing it out to the fineness needed. Let it cool. 
P7hen break off the end ; beat the tip in the flame to 
I take off the rough edges, and you have a jet as in the 
" tip " of Fig. 136. Now fit these bent tubes into the 
cork, and yaw have such a boLtlo as shown in Fig. 
134. A fiat-bottomed flask is sometimes employed 
for milking a wash-bottle. The outside portions of 
the corks in all these arrangements are improved 
in appearance by the use of a little "philosopher's" 
paint, as it is called. This is made by dissolving 
some good sealing-wax in methylated spirits. Dilute 
it down to a convenient consistency, and put on 
smoothly with a camel'a-hair brush. Do not use the 
apparatus tiil this paint gets quite hard, for if fingered 
too soon it takes impressions of the skin of the fingers, 
and also takes the gloss off it. In about two or three 
days it will be quite hard enough to handle if you 
do not put it on too thickly. Next fit up a bottle for 
making hydrogen sulphide. Get a white or green 
glass bottle, as was mentioned for ordinary hydrogen 
—a pickle-bottle will do. A good cork must be fitted 
to it and the funnel and delivery-tubes, and a second 
bottle must be provided as a wash-bottle, which 
should be somewhat smaller than the generating- 
bottla. Instead of the deli very- tube being fitted 
to the bottle in which the materials are put for 
making the gas, it must be put into the wash-bottle. 
The wash-bottle must be fitted as shown in Fig. 135. 
The corks in both bottles must be exceedingly well 
fitted, and the tubes must exactly fit the holes. 
Notice that in the wash-bottle the tubes from the 
supply-bottle must reach nearly to the bottom of the 
I jar. The whole ready for use iasVvcrwTi.Yts.'Cx'^.VJi'i. 
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Now contrive a jet for bamiug hydrogen from tlie 
bottle, Fig. 133, by remuving the delivery-tube, and 
fitting to it a tube bent twice at right angles, 
as aliown in Fig, 136. Draw out the jet at the 
end of the tube aa ab-eady directed. As soda glass 
gives a yellow tinge to hydrogen flame, it is bettei 
for having the tip of platinum; this yon can do by 
bending a small piece of platinum foil and putting it 
into the glaaa-tube when the end is soft When 




it cooIb, the platinum tip will be fixecl tightly, A 
straight jet about 6 inches long attached to the 
end of a length of iudiarubber tubing ia sometimes 
even more convenient than that we have described, 

In the next place we will show bow you may fit 
up in series U tubes. First get a good soft cork for 
each tube; see that they fit well. Then bore each cork 
to fit the "quill" tubing you must use for the oon- 
aecthoB. Heat the tubes and bftBA iKam carefully, 
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keeping the bends all in the same plane, or they will 
look badly when put together. We show such an 
arrangement in Fig. 137 ; attach cords at a, b, by 
which the whole aiTangement can be suspended on 
a stand or frame made for the purpose. 

The frame referred to you can make for yourselves. 
Take a flat piece of board about 6 inches wide- 
Plane it up nice and smooth; bevel ofl' the upper 
edge. Then cut off two pieces for uprights, about 
10 inches long and | inch square ; let these into the 
base-board. Then across the top fix a horizontal 
piece of the same thickness. Clean it up aud stitin 
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useful 



it; or it may be left plain, for it is { 
either way. 

Put in some tacks or hooks in the top piece at the 
points in which you wish to suspend the apparatus. 

A few square blocks are useful for raising above 
the level of the table, or blocking up any items of 
apparatus. Tliey can be made in sets 4 or 5 inches 
square, and of thicknesses varying from ^ inch to 4 
inches thick. 

One or two other items of apparatus may be men- 
tioned here, and an easy method of making them. 

The first we will give is bow to \)\o-« a. \reSo ^\. 
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tbe end of a tube. First, one end of the tube must 
be closed. If the tube be a small one, tbis is easi!? 
done by holding one end in the gas-flame till it is 
melted ; it will then run together and close the end. 
If the tube is of large bore, it must be closed by 
softening a part near to the end so that it can be 
drawn out, and then twisted whUe it is soft, and 
thus closed. 

Having succeeded in closing the tube, heat t!ie 
closed end, rotating it by twisting it between the 
hands all the time. When the tube is quite soft, put 
the open end to the mouth, remove the other from 




the flame, and then blow gently down the tube till 
a bulb of the required size is formed. Do not allow 
it to cool too quickly. This is assisted by allowing 1 
the bulb to remain some time in the smoky part of I 
the flame. \ 

A piece of glass-tubing of large bore may be joined 
to a piece of smaller bore, by drawing in a small 
length of the larger to the size of the smaller; then 
melt both ends, bringing them together when quite j 
soft. 

Sometimes a hole is needed in the side of a glass I 
tube. This requires care. If the tube be a s 
one, it is best done ailei tJVosvii^&e eaiaVj^ me 
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thera together. When closed and the ends are cold, 
bring a small blow-pipe flame on to the part of the 
tube at which the hole is required. The air within 
the closed tube will get very hot and endeavour to 
get out of the tube, and will do so by forcing a hole 
through the softest and hottest part of the tube. 
When cool, trim off tho edge of the hole with a file. 
If the tube is larger it can be closed at one end 
with a, good cork. Play upon the point at which the 
hole is required with the blow-pipe flame till tho 
glass is soft. Then blow hard down the tube; a bulb 
will be fonned at the heated spot. When cool, take 
off the bulb by means of the file, clean down the 
edges, and you will have what you require. The 
process is shown at Fig. 138, a. 

A platinum wire may be fitted into glass readily, 
because the glass and the metal expand very nearly 
at the same rate, so that the platinum does not get 
loose. For getting the coloured flame when testing 
salts it is useful to have a platinum wire fitted into a 
atem of glass, which may be a tube or a solid piece. 
Soften the end into which the wire is to be fixed; 
press the wire in while the glass is soft. Then hold 
in the blow-pipe flame so that the glass may close 
well round the wire, and let it cool slowly. Tou will 
have such a contrivance as shown in Fig. 138, b. 

By practice you will be able to form very many 
more appliances than we have given here, and make 
for yourself several pieces of apparatus sketched 
in your book on Chemistiy. But all require care 
and patience. The skill with which you will be able 
to manipulate glass will increase very much by 
practice; and we are sure tW^ We ^e.^^ Vwjisi 
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practice in making even the little fittings and 
arrangements we have pointed out will give you 
great satisfaction, and, we hope, encouragement. 

Good and successful glass-blowing such as is re- 
quired for complicated pieces of apparatus is rarely 
acquired by the amateur, unless he gives an immense 
amount of time to it. 




HOW TO COPT A MEDAL OR A CAST, 

We often see medals aud casts of rare and interest- 
ing objects, copies of which we like to have by ua. 
To obtain these is not an expensive process ; it only 
requires patience and care. We propose therefore 
to give such plain directions aa will enable any of 
our readers to make such copies for themselves. 

We will take first an instance of a medal, showing 
perhaps the head of one of the Osesars, or a medal 
struck to commemorate some great event. 

First, you must decide in what material you would 
like to have your cast. This must, in a measure, 
depend on the delicacy of the work you have in hand, 
and whether the impression is in high relief or not. 

The most delicate impressions are obtained in wax, 
gutta-percha, and sulphur, any of which substances 
can he used for making moulds. Suppose you have 
a medal in copper which you require to copy. You 
must first of all smear the face of the medal witli 
ttle aweet-oll, — olive oil. You can put this on 
■with the tip of a feather, and then rub it well over 
vith a piece of cotton-wool, so that the oil 
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every crevice, and noue collects anywhere. Now 
surround the medal with a slip of cardboard about 
5 inch wide, by putting the medal flat on a boan), and 
wrapping the slip of cardboard closely round it; and 
while holdiug it tightly, drop a piece of melted 
aling-wax between two portions of the card that 
overlap, for the slip of card must be more than long 
enough to go once round. You will now have the 
medal tightly surrounded by a card, that will receive 
any fluid substance that may be poured into it. We 
will now take some fine plaster of Paris, which you 
can buy at a stone-mason's, or at an Italian's, whose 
business it is to make "images." Get the finest 
plaster, and some that has been freshly prepared. It 
is sold by the pound and costs very UttU, but the cost 
varies slightly according to the fancy of the seller. 
Now for making the mixture of plaster. For this 
purpose you want a smooth, medium-sized wooden 
spoon, a small basin, and a jug of clean water. To 
avoid making a mess, either put a board, or spread a 
piece of brown paper on the table. Now put a little 
water into the basin, and put in a small quantity of 
the plaster ; as much as you think you will require 
for the work prepared. The plaster will sink to the 
bottom. Pour off the superfluous water, and mix the 
plaster well ; it will have the consistency of cream. 
Now put in a little of this mixture on to your medal ; 
and with a small stiff brush, holding the brush 
upright, get the plaster well into all hollows of the 
medal; then pour in the rest to the depth of about 
I of an inch. Lift the whole thing, taking care not 
to slip off the cardboard, and jerk it sharply onto the 
board once or twice, to set Stee Mi's air-bubbles that 
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may be entaugled ^vith the plaster; and then allow 
it to stand without distmbiug it for ten or fifteen 
minutes. You will find by this time the upper 
surface will be bard, so that you may remove the 
cardboard. If the plaster is not fully " set," do 
not lift it off the medal for a few minutes. Freshly 
made plaster sets quickly, while the older it is the 
more time it takes to set. The plaster not used may 
be washed ont or thrown away, for it cannot be used 
a second time. Be sure not to use an iron spoon ibr 
mijcing the plaster; the cleanest and best is a spoon 
made of hard wood, and let it be kept for that 
purpose only. 

Having made your mould successfully, you have 
of course the exact reverse impression of the 
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To be able to take a plaster cast from a plaster 
.ould, requires that tbc latter should be prepared so 
is no cbanee of the two banging together when 
one is cast into the other. To be sure of this the 
mould must be wel! oiled ; oil boiled and put on it, 
so that the mould is almost soaked with it. It must 
not, however, be allowed to lie on it, so that it fills 
up any part of the impression. A mould so prepared 
gets hard, and may be kept for a long time, and if 
carefully used, a large number of castings may be 
taken from it. Having prepared the mould, proceed 
with operations as directed for taking the mould 
itself. Surround with slip of cardboard ; mix your 
plaster and proceed exactly in the same way. 

If you are taking a mould from a plaster copy 
of a medal or a medallion, where you cannot be 
allowed to oil the original on account oi 4\aSL^Yni% 
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it, you can take a mould in sulpliur by the follow- 
ing process. 

Place the original plaster medal in a saucer of 
water, so that the water does not come above half- 
way up the thickness of the raedal. The plaster will 
absorb the water, and the face of the medal must be 
watched. Immediately it gets a shiny surface it 
must be removed so that no water percolates through 
it and collects on the upper surface. While this is 
being done, have some roll sulphur slowly melting 
by the fire ; it nanst melt very slowly or it will not 
get into a thin fluid, or keep a nice yellow colour. 

When this is ready, and you have surrounded the 
raedal to be copied by the slip of cardboard as usual, 
pour the sulphur on to the face of the medal. Be 
careful that no air-bubbles are allowed to collect 
between the sulphur and the plaster. This is not 
likely if you have the sulphur in the condition of a 
nice thin liquid, and rap it once or twice rather 
sharply on the table. Cover it to about the depth 
of a ^ inch, then let it stand and cool; it will then 
get solid. Then lift it off the medal, and if you 
have successfully carried oift our instructions you will 
have a sharp reverse impression of the original. To 
save your sulphur raould from the chance of being 
broken, it is well to back it up with a J inch thick- 
ness of plaster of Faits, prepared and put on as we 
have already described. 

To take a casting from the sulphur mould, oil ita 
face very carefully, — taking care that none of the 
crevices and hollows escape this oiling, — which can be 
done by a piece of cotton-wool. Then surround it 
with the slip of carAboarii, lovx. ^.Vft ■glaater, and go 
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through the aame process which we have already 
described. We have taken scores of impressions by 
this process. 

From copper, bronze, or other metals, gutta-percha 
moulds may be talten. They are durable, elastic, 
and easily managed. The gutta-percha must be 
boiled ; then it is so soft that it can be moulded into 
any shape, and can be pressed and worked on to the 
face of a medal so as to secure the minutest im- 
pression ; but it must be allowed to get quite cold 
and hard before it is removed. 

For low relief and medals of delicate tracery, wax 
or paraffin is a good substance to take impressions in. 

Ordinary white wax, or paraffin — the ends of candles 
will do — must be melted carefully, and must be kept 
very clean, and when melted tlie process to be fol- 
lowed is exactly the same as that for the sulphur 
process. Remember that wax is very slow in cooling. 

To take copies of solid objects, like the cast of a 
head, or of an animal, or a vase, the mould must be 
taken in pieces, so that when tied together the inside 
mould is an exact counterpart of the object. Thia 
requires a little more skill than that for taking the 
flat medal, but undoubtedly some of our readers will 
have ingenuity and perseverance enough to attempt 
it. If you wish to go in for it, we should advise you 
to call in at an image-maker's, and he will always 
show you such a mould, and at once you will be able 
to see how the parts are cast and held together 
better than any such short description as our space 
will allow us to give. 

If you wish for a polish on the surface of your 

ledals, you can secure it by the foU.Q"«\iio ■K\a'0&!5&.. 
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Get aome good wlite eaid aoop; cnt it into fine 
gfaavin^ wtA s dean A»rp knife; then make it 
into a strong soliitioii. Immene tbe face of the 
medal or Thaterer is to be pt^isbed ta it several 
times, bat let it dij between each dip. It will then 
take a good -pd^sk on being rubbed biiskly and 
lightly by means of a piece of cotton-wooL It will 
aiao have the smoothness and whiteness of marble. 
If yon wi^ to paint thera you can do so ; or you can 
bronze them by covering them with a tliia coat of 
gold size, then sprinkle them over with bronze 
powder, which you can get of any colourman. Eas- 
reliefa can he cast in the manner we have described, 
and may he put together so as to form pedestals 
for ornaments. Brackets may also be made in 
plaster, taking castings from real fruit and leaves. 
In taking a cast of fruit or solid object, it must be 
partially buried in fine white sand jost sufficiently 
moistened to hold it together; then a frame of card- 
board can be put round the projecting part, and a cast 
taken. When the plaster is set, the portion of the 
fruit that was buried can be cast in the same 
manner, well oiling the edge of the mould first 
taken, so that the second portion may easily separate 
fjom it. 

To take the most durable copies of medals is 
however to take electrotypes of them. This is done 
by quite a different process ; but it is so interesting 
as well as useful that we will describe it here. This 
brings us into the subject of electricity, which most 
of our readers in these days will know sufficiently 
about BO as to be able to understand the following 
dimple iastiTictions, 
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The process is called electrotyping, and it depends 

[lOQ the decomposition of a substance called sulphate 

f copper. 

A very simple apparatus for copying medals yon 

1 make for yourselves. It is shown in Fig. 139. 

(It consists of a lamp-glass (a), the lower end of which 

8 covered with a piece of bladder (5), which must be 

1 securely that when the vessel is filled with a 

Illiquid it does not ruu out. This may be replaced by 
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pends ^^^1 
phate ^^^H 

3 yon '^^^1 

139. ^^M 
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Fig. 133.-s;mp!e nrraiisycmcut fiif Electrotytiing. 

a porous pot, such as is used in a Daniell's battery 
jf you prefer it, and it ia better. The outer vessel 
r can be a jar or a basin (c), or any vessel that will 
I allow you to carry out the following arrangements. 
I The stand (s), aa ahowu, can he made of two upright 
I. pieces of wood and a cross-piece at the top. Now 
I you must have a strong solution of sulphate of 
I copper, sold under the name of blue vitriol or blue- 
L stone. This you put into the outer vessel. The inner 
I vessel must have a solution of Bal^haiwi ^siiA. «»&. 
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water, about twelve parts of the latter to one of the 
former. In this a zinc rod {z), covered with qaiek- 
silver, must be fastened either by solder, binding- 
screw, or by a tight twist to a length of copper wire. 
This may be wound round the cross-piece at the top 
so it acts as a support, and then turned downwards, 
as shown in Fig. 1 39, and then again at right angles, 
to which the mould of the medal (m) is fastened. 
The mould can be taken in gutta-percha or was, 
but the face must be covered with a thin layer of 
blacklead, and the wire carrying it must also be in 
touch with it, so as to form a continuous conductor. 
The hollow of the mould must have its face towards 
the bottom of the inner vessel. To set the whole 
going, the zinc rod is immersed in acid and water, 
the wire forming a good connection with it and the 
mould which is immersed in the solution of sulphate 
of copper. An electric action will be set up, and 
copper thrown down from the sulphate of copper 
solution. In the course of ab'jut forty-eight hours 
sufficient copper will be deposited in the mould as 
to admit of its being taken off. This copper will be 
pure, and having been thrown down in tiny particles, 
it will give an exact counterpart of the mould into 
which it is deposited. The copper solution must be 
kept up at the same strength, or it will be better to 
tie a few crystals into a mualin bag and hang them 
inside the basin. Then as fast as the copper is 
taken out of the solution by deposition, so fast will it 
be taken up from the bag of crystals. 

In this case the electricity passes through the 
'•nuid from the zinc to the mould, decomposing the 
ler sulphate, and depositing \\ie coy?^^- 
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This is such a delicate method of taking an im- 
pression, that even a photograph can be copied. It 
is also very useful for taking copper-plate engravings. 
In another chapter we will give you instructions 
for making a more complete apparatus for this 
purpose. 



CHAPTER XIV. 

HOW TO MAKE SOME USEFUL ELECTBICAL 
APPL1ANCE3. 

We have selected this branch of experimeBtal 
science because it is very popular. Useful and 
various objects for experiments are easily made. 

First of oil you must have a battery. Batteries 
are so cheap to buy, tliat we do not give any long 
description of the various forms in use, but will 
confine ourselves to one form, which is easily made 
at home. If you want a Grove'a battery, or a 
Bunsen for powerful heating purposes, try and get 
one second-hand ; and Leclauch^'s or a bi-chromate 
battery for ringing electric belis or for telephone 
purposes can be obtained very cheaply indeed. To 
thoroughly understand the working of an electric 
battery, it is better that you should make one. We 
will therefore give the method of making a Daniell's 
cell, that is easily and cheaply made at home ; and 
in a similar way so can the Bunaen, We will therefore 
describe these two forms. 

First, the DanielVa. It ia a co^s\.Mit battery of very 
tuple form, and for electro-^^jvQ^ mi4 
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purposes it is very useful; also for magnetic experi- 
ments. You know wLat we mean by the term 
" constant." It is a battery that keeps up a current 
of the same strength for a very long time. For this 
purpose we must have two different metals, two 
different liquids, and two different vessels to contain 
the liquida, and into which we can immerse the 
metals. 

For the outer vessel take a jam-jar ; a pint jar is a 
convenient size. Then obtain a thin sheet of copper 
long enough to coil round the inside of the jar, and 
as wide as the jar is deep. Then as the coil should 
slip inside the jar loosely, cut a strip of the copper 
about I inch wide along the end, leaving about J 
inch at the top, so that the strip may be turned 
back, forming a handle by which the copper cylinder 
can be lifted out, also for a metallic connection to 
which others may be made. Now get a porous 
cylinder about IJ or 2 inches across, for the inner 
cell. A substitute for this cell may be made of two 
or three layers of thick brown paper rolled round a 
ruler or thick cylinder of wood, and tied tightly round 
a large cork, for the lower end. Only in this case the 
cylinder will be hardly strong enough to support itself 
after a short time, so that the porous earthen cylinder 
will be best, and it will only cost a few pence. Fig. 
140 shows the general form of the Daoiell's cell. The 
metal for the poron.s cylinder must be of zinc, and 
may be in the form of a rod, or thin sheet zinc rolled. 
Both surfaces must be amalgamated. To do this in 
the case of a rod is easy. Immerse it for a short 
time in sulphuric acid and water till the surface 
becojues rough, which it yjiW Ao wi. \)aa cKi\i«» ^\ 'a 
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few minutes. Then take it out and rub on it some 
quicksilver. The surface will then be bright, wear- 
ing the lustre of the latter metal. A piece of flanoel 
or tow, or even a soft cork, will do for rubbing on the 
quicksilver. To charge this cell, the outer one must 
have a strong solution of sulphate of copper, with 
a little sulphuric acid added ; and the inner cell is 
to be charged with a solution made by adding ten 
measures of water to one measure of sulphuric acid. 
With thiee, four, or five of sucb cells you will get a 
fairly powerful battery. Make a wooden tray to con- 
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tain them, and to join them into series. Let the 
copper of one cell be joined to the zinc of another. 
For other particulars refer to an elementary hook 
on Electricity. If you have not stu{lied electricity 
before, it will be the more needful for you to do so, 
for it is important that you should know exactly 
what you are doing. 

For the Bunsen battery the pots are much the 
same as for the Daniell. Tou must have an outer 
glazed vessel, and a porous inner vesseL For the 
inner vessel you must get a block of graphite some- 
what larger than the height of your porous jar. 
These joo. must buy ■, aaV ^ot ""WrtRt^ c»iW»,',' 
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id you will te supplied with what you require. 

the outer cell you want zinc cylinders. It is 

:tter to buy these than make tliem yourself. The 

!St are made in rolled zinc, and are sold at so much 

pound. Get fairly thick zincs. Then amalga- 

) them aa directed for tlio zinc in the Daniell 

ill. You will also require binding-screws to fit 

the carbons and the zincs. These grasp the 

plate with one screw, and the heads of the screws 

take the wires to carry the electrical effect to the 

various apparatus to which it is applied, 

Bunsen's battery is made in different forms, but 
the pot form you can understand from Fig, 140, 
With six or eight cells you will be able to get 
powerful effects ; even a small electric arc hght. 



TO MAKE A GALVANOMETEK, 
To detect what is called an electric current from a 
cell, you must have a galvanometer, a simple form 
of which we will now give you directions for making. 
First plane up a piece of wood 4 inches square 
(ftod f inch thick; mahogany will be best for this. 
jHow cut a circular piece of writing-paper or card- 
I'lward 3 inches in diameter. Take a pair of compasses 
■■with a pen at one leg, and describe a circle in ink 
Just within the edge of the card, and an inner circle 
ibout J inch from it. Carefully divide the circle into 
■four quarters, and these quarters into nine equal 
■parta, and each two sections into ten equal parts or 
Idegrees, marked ", as shown in Fig. 141. Now make 
ift small hole in tlie centre of the wood square, and 
bat off a small needle, long ecou^ \o s^-^wft. ■^™h. 
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upwartls, ^ incli above tlie buard. Make the needle 
fast by sealing-wax. and let it be perfectly upriglit. 
Fasten the divided circular card flat to the board with 
marked side upwards, and the (zero) point towards 




Fto. 141.— CiroulBr Card foe Gal' 



the central point of one of its sides. This you had 
better secure by drawing two lines at right angles 
across the board, dividing the wooden stand into four 
equal squares, and let the pin pass through the centre 




inanlateii Coil for GaJrBnometer. 



of the card. Both the centres of the wood and card 
will then coincide. Now take a few feet of cotton- 
covered copper wire, and make them into a flattened 
coil, as shown in Fig. 142, leaving the two ends free. 
Keep the coils together, eVl\iei\i3^AaKvii%&e,Na.'(«ia!0v-i J 



.KE A GALVANOMETER. 



21<J 



with some silk thread, or by glueing a piece of pick 
tape round it. Then fix it to the board in a straight 
line across it, so that one end points to the (zero) 
on the card, and the other to its exact opposite point- 
Bore two holes on each side of the coil, and draw 
through thera another loop of wire which will hold 
the coil upright but firmly to the board. Arrange it 
80 that as many strands of wire are one side as on 
the other of the npright needle. Now draw the ends 




of the coil, and fasten one down to one comer and 
one to anotlier by means of a binding-screw, taking 
care that the screw grasps a portion of wire from 
which you have scraped the cotton. Now you must 
have a small magnetic needle to swing within the 
coil, and your galvanometer ia complete, as in Fig. 
143. 

You can make this magnetic needle for yourself, 
if you like to take a small piece of watch-spring; 
soften it by heating it in the fire ■, theiv ha-TOCiCT -A, 
out Sat; cut it off and shape it. ludeii^, 5 



4 



HOW TO HAKE COMMON THINGS. 



1 



its centre by a rouud poiuted Dail and hammei^ 
Tlien harden it again by heating to about dull red- 
ness, and plunge it into cold water; magnetize it bjr 
drawing it several times across tbe poles of a strong 
magnet, taking care that you do this always in tha 
same direction. 



TO MAKE AN ELECTRO -MAGNET. 

You know what an electro-magnet is ? It ia » 
piece of iron tliat becomes a magnet only when it 




I 



ignet aud keeper. 



has what is called an electric current passing througl 
an insulated wire surrounding it. As soon as tbi 
current is taken off, it is merely .iron again, withoS 
any magnetic properties. 

Get a rod of iron | inch in thiciness, and betwee 
S and 9 inches long. Heat the centre of rod I 
redness. Then by means of a hammer, beat it i 
the form of a horse-shoe, as in Fig. l+i. If you c 
not get to an anvil, you can work it on a block 
iron, holding one end in a pair of tongs or pincen 
If you cannot do it neatly, get it done for you. 
smith will do it for a few pence; and if you stand • 
look on wliile "he doea it, ^oo. -wii %e\. ^" 
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bargaiD, and be the better able to try your skill on a 
eecond piece of iron. When the iron is quite cold — 
let it cool gradually — put it into a vice, and smooth 
off the ends with a file ; use rather a coarse one at 
first, then a finer one, so that the ends are quite 
smooth. Then take about six yards of fairly thick 
covered copper wire — aa thick as ordinary bell-wire — 
and wind it neatly round the legs of the magnet, 
keeping the wire always in the same direction, and 
the coils close together, as in Fig. Hi, and tight to 
the rod. If you want a stil! stronger magnet, put a 
second coil over the first, keeping it in the same 
direction. 

Twist the ends of the two wires on each leg to- 
gether. To make it look neat, and to cement the 
layers of wire together, cover it over with a thick 
layer of philosopher's paint, mentioned in Chap. XII. 
The bare iron may be covered with the same, or with 
some enamel paint of another colour. The battery- 
wirea are attached to the ends of the coil on the iron, 
and you will find you have a strong magnet by using 
two or three of your battery-cells. Refer to your 
Science book for a good series of experiments to try 
with this magnet. 



HOW TO SOLDER TOGETHER WIRES AND FLAT 
METALLIC SURFACES. 
"We refer you to Chap. XI. The electro-magnet 
will be better for having a pair of blndiog-screwa 
soldered on the ends of the wire ; and the galvano- 
meter will look neater if the wires from the coil 
which surrounds the needle passes directly t^iwi.s^ 
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the stand, and are .soldered to the ends of a pair of 
binding-screws wbich pass through the board. Four 
little square bkicka of wood glued at the usde; 
corners of the galvanometer-stand will g^ve firnines% 
and also improve its appearance. 



TO MAKE A KEEPER TO THE ELECTRO- MAG SET. 

Get a piece of flat iron cut off long enough to 
extend just beyond the poles of your magnet. File 
it up so that the surface next the magnet is quite 
smooth and flat. Get a screw-hole drilled into the 
under side, and then put a hook into it, as in 
Fig. 1 44. 



EI,ECTROTTPIKG. 
Now you have a battery, you Lave a better chance 
of doing larger specimens of medals than in the 
apparatus described in the last chapter. Your 
battery and typing vessels ai'e distinct. For small 
objects a jam-pot will do; for larger you get mora 
room by making a rectangular bos, which if lined 
and made water-tight will do very well This can 
be done by painting the inside with philosopher's 
paint, taking care to put a large quantity of it along 
the joints, so there is no opening for the liquid to 
get out ; or it may be lined with thin sheets of gutta- 
percha. Fill your trough with a strong solution of 
sulphate of copper. Pour in a small quantity of 
sulphuric acid, and tie up a few crystals of sulphate 
of copper in a muslin bag, and hang in the upper 
part of the trough jaat \>6\qvi the surface of the. 
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ijiquid ; or better still, put at one end a perforated 
Kshelf of a thick piece of gutta-percha, and put the 

rystab on this. Ptepare your mould as directed 
■in last chapter, with gutta-percha ; attach a copper 
■ wire to the back of it. Do not forget to breathe on 
I tbe faj^e of the mould ; then brush it over with some 
r blackiead, not thickly. Bend the wire so that it comes 
I just to the front at the top of the modal, so that it 
l.jraay touch the blackload. Put it into the trough of 
fcflolution. Opposite to the mould, but not touching it, 
Lput a plate of copper. This must bo attached to a 
Icopper wire, and joined to the copper end of the 
I battery, and the wire from the mould to the zinc 
Bend of the battery. If you are using one cell, leave 
tit for two days; if you use two or three, somewhat 
\ less time will do, unless you require a very thick 
. Before taking off the mould, remove tbe 
I conducting- wire, and then lift it off" by means of a 
Ithin penknife. The electrotype may afterwards bg 
!ated in a clear fire to redness, and then allowed 
|-to cool gradually ; this will make it tough and 
Jworkable. When cool, plunge it into a cold mixture 
Bof sulphuric acid and water. After being so immersed 
I few minutes, take it out and rinse thoroughly 
Bin water ; then dry it. You can then turn it up, and 
Itnount it in any way you desire. The back can be 
l-fiUed to give it solidity. This you can do by taking a 
■fitiff brush and rubbing the back over with a strong 
1 solution of ammonia chloride; then sprinkle over a 
klittle powdered resiu. Then apply the blow-pipe to 
Btbe solder ; it will soon melt and run over the surface. 

f you wish for a full backing, pour into this some 
jaolten lead. Before mounting, polish up tb& i'inff. 
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of the medal with rotten stone and oil, and finish 
with rouge put on with a soft brush or the tip of 
the finger. 



TO DO SILVER-PLATING. 
We do not give you this on the score of cheapness 
for large articles, but plating on a small scale is a 
good experiment in electrolysis, which follows well 

on electro typing. 

Tou use the same battery for this experiment, 
and take a suitable trough for the immersion of the 
object to be plated. Of course the materials are 
somewhat more expensive; moreover they are poison- 
ons; therefore keep them safely under your own 
care. Suppose you have a chain you wish to coat 
with silver. The substances required for the silver- 
ing bath are nitrate of silver and cyanide of 
potassium. Take a portion of each ; dissolve them 
separately in distilled water, then mix them ; wheu 
some of the silver will be precipitated, add some 
more cyanide of potassium, and the silver will be 
re-dissolved. Keep on adding the cyanide till nearly 
all the silver is re-dissolved, then stop. Let the 
solution stand till it gets clear, then pour it into a 
deep plate or glass vessel Put in the chain to be 
coated, having previously attached a shilling to a 
piece of platinum wire and then to the copper end 
of the Daniell's battery. To the zinc end join another 
piece of platinum wire, and attach it to one end of 
the chain ; drop them both into the basin containing 
the silver bath, but do not let them touch. The 
chain will soon be (wveied m\h «!««, a.-Qd when yoa 
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Blink it has sufficient, take it out, dry it, and polish 
rith sifted whiting. If yon intend to try your 
rill on larger objects, they must be immersed in a 
oitable bath, and suspended in front of a silver 
late attached to the copper end of the batteiy. A 
lies of articles can be done at the same time by 
spending tliem from a metallic rod, which must 
) in connection with the zinc end of the battery. 
B'ig. 145 shows a suitable arrangement of trough and 
lattery for electro- pitting small things. 

All objecis must he well cleansed before they are 
mmeised in ihe silver bath. This is done by putting 




Fio. 145, — Battery and cell foi; electra-pLttiiig. 

them in a hot solution of soda, to take off all possible 
grease. Then they must be brushed with pumice- 
fitone, or bath brick very finely powdered ; and last 

Ipf all, they must be well rinsed in clean water. 



TO MAKE A NEEDLE TELEORAPD, 



A needle telegraph is merely a galvanometer with 
Lthe needles vertically arranged, and a key to reverse 
the electric current. You have already found out 
with your galvanometer that with a current of elec- 
tricity — we use the words of your Science book here — 
ling in one direction the needle moves from left to 
■ht; if the wires are reversed, \\ife aeeSift -maNWi 
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from right to left. Instead of moving the wires, the 
key reverses the current. Now for the simplest way 
of making such an arrangement. Take the side of 
a cigar-box, smooth it, and see that the sides are 
parallel. Cut one into the shape of a small Gothic 
arch, as in Fig. 146. Take a piece of wood a trifle 
wider than the side of the bos, and 6 inches long ; 
hollow out a groove exactly large enough for it to 




Fio, 146.— Separate parts for Needle Telegraph. 

a. Kai and base; {. coil ; e, needle for innde of eoil ; 

d, pointer to swing ou the face of the dial. 



stand on end, as shown in Fig. 146, a. Put a square 
block at each corner; fix them with glue, and 
glue in the upright piece. While this is diying, 
make the coil of wire as in the galvanometer, but 
make it of tliinner wire, winding it on a cardboard 
frame. Leave several inches of wire free at each end 
of tlie coil. This bobbin we show at h, Fig. 146. 
Then fix the coil on the \ii«iV oS Vne iv^X.^^-we will j 
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■now call the upright piece. Now prepare a magQetio 
needle to swing within the coil, as in the galvano- 
meter. This time, however, you must drill a hole 
through the centre, which you cau do when it is hot 
and soft, and fasten it to a wire passing through it. 
This you can do with a little sealing-wax ; put it on 
ly. The wire must be long enough to pass 
through the dial in front and the coil behind. Bore 
a hole in the dial exactly opposite to one in a slip 
of wood that is to be fastened at the back of the 
coil. In these holes put a short length of 
^ma tubing, so that the axis of the needle caiji 
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Fio. 147.— Flan of keys for 



vibrate with as little friction as possible. Fasten a 
stop of some kind on the wire carrying the needle, 
so that ifc does not easily sUp out. To the end of 
the wire coming tltroagh tlie face of the dial, a 
pointer, cut in the shape of the needle, must be fixed, 
BO that when the needle in the coil moves, the front 
one moves with it, and with similar movements — 
this is the pointer. Above the centre of the needle 
in front put in two stops, either of wire or wood, so 
■that the needle can only vibrate through a limited 
«rc, as shown in Fig. 146. Before going any further, 
le that the needle in the coilnio'vexttife^'3,wa5i'^"»X 
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models we must refer you to your book on Electricity. 
This will also give you a copy of the dial, with 
directions as to bow many motions a needle must 




Fio 149 — SectiDQ of tlie Telephone, 
m. Tile magnet r the bobbins of nire ; /. tbe thia plate 
lield by moutlipicca, b bindiag-screva attached to line vritea. 

make to right or left for the formation of a letter. 
You will find two Daniell's cells enough for a pair 
of instruments of this kind. 
// you tbmk it wort\i ^'^\l^ to TasJta a. duiible- 
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key-board by screws passing through 3 and F. A 
second strip of brass must be screwed flat to the 
board along A, E, in front and parallel to B, F. Attach 
some wooden or ivory knobs on the springs, immedi- 
ately over the strip A, E. These are for pressing down 
the spring into contact with A,E. When released they 
fly back to B, F. Now look carefully through the 
whole arrangement, and see you have got your key- 
board properly laid out, the brass strips and springs 
properly fitted. At the ends c, S of the springs, 
fasten two binding-screws; do the same at A, s. 
Now bring the wires down from the galvanometer, 
and attach them to the screws, c, l>, and put the 
wires from the battery on at A, B. By pressing 
down one key you will find the battery current will 
make the needle turn in one direction ; by pressing 
down the other, the needle will turn in the opposite 
direction. If you have followed out our instructions 
you will have an iuatrument that will enable you to 
go through the telegraphic alphabet. The signals for 
each letter should be marked carefully on a sheet of 
writing-paper or cardboard, and pasted on the dial- 
board at the back of the needle. With a pair of 
such instruments you can send messages from one 
room to another, or from house to house ; but your 
friend who has to receive the message must be able 
to read the signs the needle makes. Tou must 
remember that when your needle turns to the right 
or left, the needle of the second instrument will do 
the same if you have joined up the wires correctly. 
B"ig. 148 shows how the battery is to be joined to 
the instrument — the needle of the instrument being 
marked " a." Now for the acieixti^'i -waA-YCi!^ lA '0 
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of the small pulleys used by the Venetian blind- 
maker. Wind each with about half an ounce of silk- 
covered wire. No. 36. This number refers to size, 
so that if you ask for this at an electrician's, be will 
know what to give you. Moreover, if you tell him 
for what you require it, he will also supply you with 
bobbins and magnets as well. You must nest have 
a wider cylinder for the mouthpiece of your 
telephone. It must be hollowed out, so that it 
will contain the bobbin. You can sometimes get 
wooden tooth-powder boxes that wiU suit for tbia 
purpose. If not, take a short length of a thick 
window-pole; and after hollowing it out, like the 
inside of a bos, you can fit it, as shown in Fig. 
149. Wind the wire on the bobbins ; leave the two 
ends of each free. Then in front of the box fix a 
piece of very thin sheet-iron ; that used by photo- 
graphers for ferrotypes is best. Keep it quite smooth, 
and cut oS' a portion large enough to cover the mouth- 
piece. Now put on the lid, after cutting out a 
circular portion in the top of the lid about the size 
of a sixpence. Tben put it on so that it holds the 
iron plate in position. Push up the magnet to 
about i'(r of an inch from the plate ; fasten it there 
either by plugging it, or by putting a short screw in 
at the side so it grasps the magnet and holds it 
firnjly. Now bore two small holes at the back of 
the box, through which bring the ends of the wires 
from the inside coil. Attach the wires to two 
binding-screws, the steras of which can be screwed 
into the bos. Cut off the cylinder which holds the 
mag(Let3 to about ^ inch longer than the m^neta 
tbemselves. Fill up the holea with plugs of cork. 
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!ut them off neatly, then screw or glue on the lid, 

teeping the centre opening in front, so that the edge 

the opening nearly touches the ferrotype disc. 

it an electrician's you can get all the parts ready to 

nit together for telephone-making. You may prefer 
this plan; it makes the method of providing the 
cylinders easy, and at the same time ensures perhaps 
a neater pair of instrunienta than you can make 

rithout this aid. Read up from your book the 

whole science of this instrument; then you will not 

! likely to make any mistakes in its constructioD. 




I In Fig, 149 we show the various parts of this 
I instrument. To increase the loudness of the sound 
I', a microphone is frequently introduced with the 
I telephone. It is so easily made that we will here give 
directions for doiDg so. At the electrician's, secure 
two blocks of carbon, such as is used for batteries ; 
about a cubic inch of each. Bore two holes through 
them, and secure at the same time two binding- 
screws with long stems. Have a small pencil of 
charcoal, such as is used for electric lighting, Cut off 
about 4 inches ; point both ends of this by rubbing 
[down with a file as you would iu ahas^Taxi'^ ^ VsA. 
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penciL In two sides of the blocks make hollows bj^ 
boring with a rat-tailed file^ so that the pencil-piece 
can rest lightly in these hollows^ and be supported 
by the blocks. Screw the blocks to a boards at such 
a distance that the pencil is supported^ as in Fig. 
150; the telephone may be used with it by joining 
the battery wire from a telephone to one of the 
screws c, and from the screw c join a wire to the 
second telephone screw. Then the microphone, 
telephone, and battery will all be in the "same circuit" 

By reading carefully descriptions of scientific 
instruments from your books, you may be able from 
the instructions we have given in this chapter to 
make several others, and in the statical electricity 
department still more. 

We only need name the gold-leaf electroscope, the 
electrophorus, various conductors and insulators, 
carrier ball, pith-ball electroscope, and other arrange- 
ments which are so well described in various text- 
books on electricity, that we need give no detailed 
description of them. Having gained some pro- 
ficiency in these, you may at last be able to manage 
to make a Wiinshurst and other forms of electrical 
machines. 
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GLOSSARY 

EXPLAINING THE TERMS USED IN THE TEXT. 



archUra/oe—9.iL omamental top moulding. 

h&oel, a— an oblique or rounded edge. 

hevelj to — to take off the ri^ht-angled edge. 

hrads — small sharp nails, without heads, sometimes called "sprigs. 

buckling — a sharp bend, that cannot be taken out, and where the 

bend repeats itself when the saw is used. 
carpenter^s square — a square set at right angles. (See page 11.) 
dove-tail — a joint shaped regularly, so that the mortise and tenon 

are of inverted wedge shape. (Sec page 55.) The projecting 

part is called the tenon or pin, the sunken portion the socket 

or mortise. 
dove-tail saw — a saw with a short broad blade strengthened at the 

back, used for cutting tenons, aud such like. 
dowels — ^wooden pins used in joining. 
eyelet — a small metallic shape to sink into a wooden hollow of same 

shape, as a keyhole. 
face-planing — to plane smoothly a broad surface of wood. 
Jialving— to cut two pieces of wood to half their thickness, so that 

when they make a joint the two together are no thicker tlian 

one piece. This is sometimes called " housing." 
jamh—ihe upright sides of door-frames. 
keyhole saw?— sometimes called the compass saw ; it has a very 

narrow blade, and from 10 to 12 teeth per inch. It is used for 

cutting small holes like keyholes. 
Uigs — brass or iron plates attached to objects, and used for 

suspension fiat to a wall. 
mitreing — making a joint with two pieces of wood, each end of 

which is cut at an angle of 45°. 
mortice^ or mortise — a socket shaped to receive a tongue or tenon 

of wood. 
mortised — a joint made by a mortice. 
vumlding — a unifonn edge of regular shape made with a itlaiie 

whose iron edge contains the pattern. 
quartering — ^any length of wood with square ends measuring from 

2" X 2" up to 6' X 6". 
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rebate — a hollow or sunken rectangolor edge to a piece of wood, 
like the inner e^ of a panel or i>ictare-franie. (See page 129.) 

rebcUe plane — a narrow plane for cutting rebates ; in this tool tiie 
plane-iron is as broad as the sole. 

8catUling—A term applied to timber of given breadth and thickness. 

scraper — ^a pi^ of thin steel usually with a straight edge, but it 
may haye a cnrred edge. It is used to take down roughnesses 
of wood at finishing off, and should be used along and not 
across the fibres. 

scriber — a marking-point of tapering steel something like a brad- 
awl, to mark fine lines on work, to set measures. 

shooUnQ — ^To plane the end of a piece of wood by means of the 
shooting-board. 

steneiUinff — ^to transfer a pattern by means of a plate in which the 
pattern is already cut, so that in repeating it, it is an exact 
copy of the first. The plates in whicn the patterns are cut are 
called stencil-plates. 

tenon — (see doYe-tul). 

teTum-sato—iaee page 41). 

trying-plane — the longest and most useful plane in use. It is 
employed for smoothing large surfaces^ for long edges, and for 
** snooting." 
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